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SUMMARY.
The partial asymmetric synthesis occurring in the 
Reformatsky reaction has been studied with a view to 
elucidating what factors control the degree and direction 
of asymmetric synthesis.
R»R"CO + BrZnCHoC0„R  R»Rt,C(0H)CHoC0oR  R ,R"C(OH)CH^COnH
d d d d d d
The addition of the dissymmetric organometallic intermediate 
to the carbonyl group does indeed proceed asymmetrically, it 
having been shewn that■"apparent” asymmetric synthesis does not 
occur as a result of the Reformatsky reaction being reversible, 
or as a result of preferential decomposition of one of the two 
diastereoisomeric (3-hydroxyesters during the alkaline hydrolysis.
The asymmetric addition of the organometallic intermediate 
to the carbonyl group probably proceeds by a polar mechanism 
rather than by a radical mechanism. Moreover, asymmetric addition 
does not occur as a result of reaction on the surface of the 
metallic zinc.
With acetophenone or benzaldehyde, the degree of asymmetric 
synthesis was most marked using bromoesters of alicyclic alcohols 
such as (-)-menthol, (-)-borneol or (-)-a-fenchol, bromoacetates 
of aliphatic alcohols, such as (+)-butan-2-ol, leading to little 
asymmetric synthesis.
In all cases, when aliphatic aldehydes were used, the degree
of asymmetric synthesis was very small. Nevertheless, the 
presence of an aromatic nucleus in the carbonyl compound was 
shewn not to be essential for asymmetric synthesis to occur, 
hexahydrobenzaldehyde giving a product with a moderate 
degree of rotation.
Moreover, the degree of asymmetric synthesis appears to 
depend, in some undefined way, upon both the type of solvent 
and its boiling point*
Asymmetric synthesis has also been shewn to occur when 
organocadmium reagents, organozinc reagents or magnesium 
iodide are used as ncondensing agents”.
Various mechanisms for the Reformatsky reaction have 
been considered in the light of the occurrence of asymmetric 
synthesis in this type of reaction. In this connection, the 
Reformatsky reaction has been compared with the Claisen 
Acylation reaction*
-iii-
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GENERAL NOTES.
1* Analyses were carried out by Dr. A. Bernhardt,
n
Max-Planck Institut, Mulheim, Germany.
2. Melting points are corrected.
3. Solutions prepared for polarimetric use were
ethanolic unless otherwise stated. If no 
concentration is mentioned, measurements were 
made on the homogeneous undiluted liquid. 
Rotations of solutions were measured in an all­
glass water-jacketed tube at 25°+0 .01°, the 
length being 2dm. unless otherwise stated.
5. -Rotations of homogeneous undiluted liquids were
measured at 23°+0 .01° in an all-glass water- 
jacketed tube, the length being 1dm. unless 
otherwise stated'.
6. Where relevant the errors, incurred during
measurements of rotatory power, are indicated.
The error involved in determination of rotatory
power of homogeneous liquids was +0 .01°.
INTRODUCTION.
Asymmetric Synthesis
In 1904 Marckwald (Ber., 1904, 3£, 349> 1368) found that decarboxy­
lation of the mono— brucine salt of methylethylsialoDic acid gave 
partially optically active a-methylbutyric acid.
finition of asymmetric synthesis! viz. "that from compounds of symmetrical 
constitution, by the intermediate use of optically active substances, 
but without analytical separation, optically active products result".
This type of asymmetric synthesis is now known as 1Partial Asymmetric 
Synthesis1.
under the influence of an unsymmetrical physical force, such as cir­
cularly polarised light, an optically active product might result from 
reagents which were not themselves dissymmetric. This type of asymmetric 
synthesis is termed 1Absolute Asymmetric Synthesis1 and is effected without 
the aid of an optically active intermediate. One of the most successful 
syntheses of this type was accomplished by Kuhn and Knopf (Naturwiss.,
1930, 18, 183) who exposed (±)-a-azidopropionicdimethylamide in hexane 
solution to (-)-circularly polarised light? the recovered dimethylamide 
had an observed rotation, - I .O 40 (l,>l). Similar irradiation using 
(+)-circularly polarised light gave the amide with a rotation, 4* 0»j8°
B = Brucine
This observation led him to formulate the first precise de-
Pasteur and van *t Hoff suggested that if a reaction occurred
2 -
Partial Asymmetric Synthesis
If a centre of asymmetry is created when a reagent adds 
across a double bond and the reactants are not dissymmetric, the 
product obtained is optically inactive, e.g.
R^  .CO.CO-R — -- - »  R'r " C(0H).CO„R (R=Et)
2 (±) 2
However, when a dissymmetric group is present in one of the molecules 
(e.g. R = (-)-menthyl) the addition often occurs so that the two diastereo- 
isomerides are formed in unequal amounts, i.e. an ’’asymmetric reaction” 
has occurred. Removal of the original ’’fixed centre- of asymmetry” 
will then give a compound which is optically active, but seldom optically 
pure, i.e. ’’partial asymmetric synthesis” has occurred.
Since the primary interest in the present investigation is the 
occurrence of partial asymmetric synthesis in the course of the 
Reformatsky reaction,which can be considered essentially as the addition 
of an organometallic compound to a carbonyl group, it is of interest to 
review other asymmetric syntheses which have been shown to occur during 
the addition of an organometallic compound to a carbonyl group.
The first record of such an asymmetric synthesis was published 
by McKenzie in 1904 (J»? 1904? 85<> 1373)® He showed that the inter­
action of methyl magnesium iodide and (-)-menthyl benzoylformate, 
followed by hydrolysis of the resulting a-hydroxyester, gave atrolactic
acid containing an excess of the (-)-antipode.
Ph.CO.CO c ^   felfg^  Ph-*ce - co c cojr
(_) 0H (-) °H
-3-
In a number of subsequent publications, McKenzie and his 
co-workers have described parallel experiments using various optically 
active esters of a-ketoacids and a number of different Grignard reagents, 
and have shown that the occurrence of a partial asymmetric synthesis in 
this type of reaction is a general phenomenon (for a bibliography see 
Ritchie, Adv. in Enzymology, 1947? 2? 65). Arising from this work, 
McKenzie and Muller (J., I9O9, 544) thought it might be possible
to correlate the degree of asymmetric synthesis with the magnitude of 
the optical rotatory power of the alcohol (ROH) in the reactions s
^ R’ MgA ^ ^ ^
R.GO.GOgR   ■■> HR' C (OHjCOgR-— RR G (0H)C02H,
However, Ritchie '(Asymmetric Synthesis and Asymmetric Induction, Oxford 
Univ. Press, 1933, p.110) concluded that thq degree of asymmetric syn­
thesis in this type of reaction depended not onlyiupbn the rotatory 
power of the alcohol but also upon the conditions obtaining during the 
Grignard reaction, in many cases the degree of asymmetric synthesis not 
being reproducible under supposedly similar conditions.
McKenzie, Mitchell and Ritchie (Biochem.Z., 1929, 205, 456, 4715 
231s 412) observed that the a-ketoesters used in the asymmetric syntheses 
described above exhibited mutarotation in alcohol solution. However on 
removal of the solvent, the ketoester was recovered unchanged. Although 
these workers realised that mutarotation could be due to hemiacetal 
formation, they preforred an explanation based upon the idea of ’’induced 
asymmetry”. They assumed that the carbonyl group existed as a labil©
-*h-
centre of asymmetry, thus an dissolution of, for example, 
(-)-menthyl benzdylformate there was a change of equilibrium
which accounted for the mutarotation observed in alcohol*
* * * * *
Ph.CO.COgR-— Ph.CO.CO^R — ■* Ph.CO.CO^R,
(-) (-) (-) C+) (-)
I ii
Moreover, they considered that in ethereal solution the two 
Jdiastereoisomersn (I and II) were present in unequal amounts, 
and the reaction with a Grignard reagent (giving III and IV) 
t!fixed'1 the labile configurations of each of the ndiastereoisomers?l 
which were present.
*
R' * . C O R  R» * OMgX
C III C IV
/  \  X  \Ph' OMgX Ph c 02r
The lack of observed mutarotation in ether was accounted 
for on the grounds that equilibration was so rapid as to be 
unobservable polarimetrically* However, Jamieson and Turner 
(J., 19^1, 938) suggested that the absence of mutarotation 
in ether was due to 5,the lack of any real distinction between 
I and II•" Furthermore, if the former explanation were correct 
then it would also have to be postulated that the rate of 
addition of the Grignard reagent to the carbonyl group- must be 
faster than the rate of equilibration of the two hypothetical 
diastereoisomerides (Turner and Harris, Quat.Rev., 19^7, 1, 299)*
-5-
The demonstration by Glazer and Turner (J., 19^9^169) that 
mutarotation of (-)-menthyl benzoylform&te in ethanol is indeed 
due to hemiacetal formation supports these conclusions.
Kenyon and Partridge (J., 193&i 1313) have suggested that 
dissymmetric addition of the Grignard reagent was not due to 
different forms of ketoester, which they considered homogeneous, 
but t o d i f f e r e n c e  in energy associated with the diastereo- 
isomeric intermediate products which is responsible for the 
one-sided reaction.” Reid and Turner (J., 19^9» 33&3)s^ ITSTersted since 
the diastereoisomerides (A and B) are not interconvertible, 
”mechanistic differences must be sought at the stage o.f the two 
corresponding transition states, from which they are.formed 
irreversibly.” The two transition states (A* and B*) must,
(i) be formed reversibly from the reactants, (ii) have different 
energies since they are of the nature of diastereoisomerides.
”Thus a mechanism is possible whereby the reaction with the 
lower activation energy can be followed preferentially. and an 
asymmetric reaction result.”
R”MgX
, R”
6
tt A* B» n
Mg 0 0 Mg
X X
- 6 -
A* B*
v
R« ^C0oR
R" ^  OMgX
(A)
V  *
R* C0oR
\  /  2
G (B)
X  \RH^ OMgX
This type of asymmetric synthesis has been studied extensively 
by Prelog and his co-workers (Helv.Chim.acta., 1953* 3^ >i 320; 
'X95A, 2Z» 221) who proposed a theory which correlated the
configuration of the predominating isomer of the glycollic 
acid (IV) with the' configuration of the asymmetric centre 
of the a-ketoester (II)
HO.CSML-
I
^  Ph.CO.CO^SMl- 
II
PhEC(OH).CO CSML
I i n
* V" .
PhRC(0H)*C02H
I n effectiva, 
bulk,
S<M<L
IV
The results of McKenzie and his school, and also those obtained 
by Prelog, can be explained if the most reactive conformation 
of the a-ketoester is represented by V,
(V) L > M >  S
C
n
0
s
-7-
in which the two carbonyl groups are planar and anti to 
one another, with the smallest group (S) of the asymmetric 
centre lying in the plane of the ester and flanked by the 
large (L) and medium (M) groups. Addition of the Grignard 
reagent was considered to take place from the ’least hindered1 
side of the molecule. For such a conformation as V, this 
would be from the side shewn in (VI-)
0 L
It
Ph Cx VI
N , /  X s
II K
0 RMgX
In the above type of asymmetric synthesis, where the 
unsaturated group is separated from the optically active 
centre, the product is not optically pure. Tiffeneau, Levy 
and Ditz (Compt. rend., 1931* 192, 955; Bull. soc*.chim., 1935* 
18^8 , 1855) saiggested that as the number of atoms 
introduced between the optically active centre and the carbonyl 
group is increased, so will the extent of asymmetric synthesis 
decrease.. In this way, the low degree of asymmetric synthesis 
in the McKenzie type reactions was attributed to the separation 
of the two groups by the -C0-0- group. Support for this idea 
arises from the observation by Roger (J., 1937* 10^8; 1939, 108) 
that only one of the two possible diastereoisomerides is formed
-8-
on addition of a Grignard reagent to benzc&tt or its ethyl analogue ; 
in these cases the dissymmetric group and the carbonyl group are 
adjacent. Interaction of optically pure benzoin (III) and ethyl 
magnesium bromide, and of optically pure phenylpropionylcarbinol (II) 
(known to be of the same configuration as benzoin ) and phenyl 
magnesium bromide gave diastereoisomeric ethylhydrobenzoins (IV & V), 
Upon subsequent oxidation, the enantiomorphic forms of ethylbenzoin 
(VI 8c VII) were produced. The complete reaction scheme was as follows
PhCH(OH).CO.NH, 
(-)
(~)-PhCH(OH).CO.Et 
(-) . „
PhMgBr
( + )-*PhCH(OH) .C(OH)EtPh 
(-) I (+) IV
\ip
(+)-Ph.CO.C (OH)EtPh 
( + )
VI
(-)-PhCH(OH).CO.Ph 
^  III
EtMgBr 
(-)-PhCH(OH).C (OH)PhEt 
(-)t (-) v
(-)-Ph.CO.C (OH)PhEt 
(-)
VII
That the same inducing force gave rise to both stereoisomers of 
ethylbenzoin (VI &VII) by following two analogous reaction routes 
was explained by Roger in terms of the great difference in 
character between the ethyl and phenyl groups present in the 
origonal ketones (II &III) respectively.
However, Partridge (J.,1939*1201) suggested that since the 
ethyl group in II is in the same position as the phenyl group in III, 
if the ketonic double bond opens in the same sense in II and!Ill,
-9-
then IV and V would appear as diastereoisomerides, as was found to be 
the case. Thus 11 the difference in configuration between the 
ethylbenzoins produced by the two routes is a necessary consequence
It is not general for only one diastereoisomeric form to be 
produced when the asymmetric group is adjacent to the carbonyl 
group, as has been shewn by Cram and his co-workers (J.A.C.S.,1952, 
7ft»5S28,etc., for references see J.A.C.S. »195^»7§,,57^0) * Instead 
of removing the origonal centre of asymmetry, as was effected in the 
above cases by oxidation, the relative proportions of the diastereo- 
isomers 'formed were estimated from a study of their infra-red 
spectra. A rule was proposed to correlate and predict the stereo­
chemical direction of asymmetric synthesis
n in non-catalytic reactions of the type discussed above, that 
diastereoisomer will predominate which would be formed by the 
approach of the entering group from the least hindered side of 
the double bond, when the rotational conformation of the C — C 
bond is such that the double bond is flanked by the least bulky 
groups (S &M) attached to the adjacent centre In the addition 
of Grignard reagents, or on reduction with lithium aluminium
of the order in which the phenyl and ethyl group have been embodied ,{
R f
OZ
L L
L> M>»S in effective bulk.
• -10-
hydride, since the carbonyl group is co-ordinated with the metal 
group (MgX or AlH^) it becomes effectively the largest group and 
is thus orientated between the the small (o) and medium (M) groups 
attached to the {3~carbon atom. The group R' then approaches more 
readily from the side of the molecule which is least hindered, 
i.e., as in the diagram (above).
In the above account, partial asymmetric syntheses have 
been described in which the ”fixed centre of asymmetry” is present 
in the same molecule as the unsaturated group. Only a few examples 
have been reported where the ”fixed centre of asymmetry” and the 
carbonyl group are in different molecules. This series of asymmetric 
syntheses are of importance since the theory of induced asymmetry 
cannot be applied unless intermolecular forces of this nature are 
postulated.
Vavon and his co-workers (Compt. rend. ,19^-6,222,959*,19^7,224, 
.1435) have utilised the reducing properties of some Grignard 
reagents to produce a series of asymmetric reductions. Iso-bornyl 
magnesium bromide was found to give stereospecific reduction of 
many ketones, the degree of asymmetric reduction varying greatly 
with the structure: of the- ketone.
This type of reduction has since been studied in more detail 
by Mosher and his school (J.A.C,S.,1950*72,3994 etc., for references 
see J,A.C.S.,1965, 78,4959) who have shewn that asymmetric reduction 
occurs when the optically active centre is in the j3-position relative
■11-
to the Grignard group. The mechanism proposed was as follows:—
Me Mg+ X
i \oito + CH0 
* cL1 */
CMe, HCMeEt
5
Me X
II - CHMeEtCMe,
5
/ '
Me OMgX 
\  /  CH
c + »
j/' \  CMeEt
CMe, H
j
Me 
\
CMe^
0 — Mg 
X
CH,
1
H - CHMeEt
This mechanism implies that two cyclic transition states are 
possible (A 8< B), and it was assumed that there would be less 
steric interference in A than in B, since in the former, the 
bulky tert.-butyl group is on the same side of the ring as the 
smaller p-alkyl group of the Grignard reagent.
V - v  x
+<? i V 002
- 3 H “ L
Me _ .
■ / °  - " V
+CX T» CH0, ^  Me ^  2
X
CMe h - gEtA B
The failure of (+)-3-methylpentyl magnesium chloride to bring 
about asymmetric reduction was considered as evidence in favour 
of this mechanism, although the authors’ interpretation of the 
results is questionable since less than 1% of reduction occurred 
in this case.
CMe3
OMgX 
« H
+C
i
CMe, A , 3 0 - Mg X CH2
m  H - CHMe
CHMeEt
+ CH2= CH.CHMeEt
Me
The first reference to an attempted asymmetric synthesis 
involving an addition reaction between an optically active Grignard 
reagent and a ketone not containing an asymmetric centre was 
recorded by Brokaw and Brode (J. Org. Chem.,19^8,13,19^)• These 
workers however did not succeed in observing an asymmetric synthesis 
by the interaction of (-)- amyl magnesium bromide and methyl ethyl 
ketone. CEL
Later, Reid and Turner (J.,19^9»3365) reported that an 
’’asymmetric reaction” took place when acetophenpne, (-)- menthyl 
bromoacetate and zinc interacted in benzene solution ( the Reformatsky 
reaction)* Hydrolysis of the f3- hydroxyesters formed on acidification 
of the reaction mixture gave j3-hydroxy-!3-phenylbutyric acid of 30% 
optical purity (as shewn later by Reid and Turner,J.,1950,369^)•
The reaction mechanism proposed, analogous to that by the same 
authors for the Grignard reaction, was as follows:—
r 3
CH .CO.C^I + C2H .CH.CH2MgBr'3 2 3
BrZnODZnBr
Ph.CO.Me + Zn + BrCH2C02C10H19
-13-
This was the first published example of an asymmetric 
synthesis, excluding asymmetric reduction, involving an organo­
metallic compound in which the fixed centre of asymmetry is not 
in the molecule containing the carbonyl group.
Attempts have also been made to effect an asymmetric 
synthesis by treating an optically inactive carbonyl compound 
with a Grignard reagent in an optically active solvent; in general 
however, inactive compounds were produced. Tarbell and Paulson 
(J.A.C.S. ,19^2,6 f^,28^ +2) when discussing their failure to obtain 
an asymmetric synthesis using (+)- methyl 2-butyl ether as a 
solvent for the interaction of benzaldehyde and methyl magnesium
bromide, suggest that ”....  the organo magnesium compound is
co-ordinated with two molecules of ether in such a way that the 
complex has a plane of symmetry”• Subsequently, Wright and his 
co-workers (J.,Org. Chem.,1953i18,V52;1957»22»1) carried out a 
number of asymmetric syntheses in (+)-2 ,3-dimethoxybutane as 
solvent. Interaction of ethyl magnesium chloride and ethyl benzoyl- 
formate and (+)-2 ,3-dimethoxybutane gave, after hydrolysis of the 
ester, a-hydroxy-a-phenylpropionic acid having a specific rotation 
corresponding to 5% asymmetric synthesis. The success of this 
solvent in promoting an asymmetric synthesis was ascribed to the two 
methoxyl groups present in the solvent which could then co­
ordinate with the Grignard reagent as shewn (A):
-lA-
■ Me
i
0 —  
I
EtMgCl
1
0 --
I
Me
*$c
— •CHMe
-CHMe
Ph.C0.C02Et
EtO C -C-Phd. „
EtMgCl
Ph.—C—COpEt
i ^
OH
fiHMe(OMe)
CHMe
In this case, these workers did not show that asymmetric synthesis 
was not effected when a mono-ether, such as (-)-menthyl methyl 
ether, was used. However, they had shewn that the asymmetric 
synthesis of a-methylbutyranilide, by the following series of 
reactions did not occur in a mono-ether, the bifunctional solvent 
being required.
PhNCO + EtCHMe.MgX 
( + )
-*• PhN=C~CHMeEt
t
OMgX
>*/ *
PhNH.CO.CHMeEt
(+) + (+)
Summary and Present Investigation.
Partial asymmetric syntheses arising from the interaction 
of a Grignard reagent and a carbonyl group which is present in a 
molecule containing a 1 fixed centre of asymmetry1,as indicated in
-15-
the following equation:—
R"
i
R.CGR' + R ’MgX ----- ^ R — C — R f ( R f optically active)
i
OMgX
have been studied in some detail. Attempts have been made to 
determine to what extent the degree of asymmetric synthesis is 
dependent upon reaction conditions and upon reactants; more 
recently, correlation of configuration of the new centre of 
asymmetry with that of the 1 fixed centre of asymmetry1 has 
been attempted. Partial asymmetric syntheses occurring when the 
* fixed centre* is present in the organometallic molecule and not 
in the molecule containing the carbonyl group have been little 
studied. An example of this type of asymmetric synthesis was 
given by Reid and Turner (J.,19^9j33^5) who shewed that asymmetric 
synthesis can occur in the Reformatsky reaction. It was thought 
profitable to investigate this type of reaction in more detail
with a view to determining what factors influence the degree 
of asymmetric synthesis and the direction of asymmetric addition.
The knowledge gained from these studies might then contribute 
to the developement of a satisfactory mechanism for the Reformatsky 
reaction. The possibility that some correlation could be made 
between the configuration of the new asymmetric centre and the 
configuration of the alcohol used has also been considered. :
From the experimental point of view, the present investig- j
|
-ation entailed j
(i)
(ii)
(iii)
(iv)
-16-
the preparation of certain optically active 
a-haloesters. 
the preparation of certain aldehydes and ketones, 
the treatment of these a-haloesters with aldehydes 
or ketones in Reformatsky type reactions under a 
variety of conditions, in order to determine to 
what extent the degree of asymmetric syiathesis is 
effected, in particular by
(a) solvent variation.
(b) the addition of catalysts.
(c) structural changes in the reactants.
(d) using reaction conditions that would ensure
a homogeneous reaction took place, 
a preliminary investigation into methods for 
determining the absolute configurations of 
the optically active p-hydroxyacids obtained.
PREPARATION OF INTERMEDIATES.
PREPARATION OP INTERMEDIATES
(-)-Menthyl Chloroacetate
(-)-Menthyl Chloroacetate has previously been prepared by the inter­
action of (-)-menthol and chloroacetyl chloride (Cohen, J., 1911,1060). 
This method was used in the present investigation, and (-)-menthyl 
chloroacetate after recrystallisation from ethanol was obtained in 
89$ yield. It had m.p.38.5 - 39*5°, ^  - 80.0° ±0.3°
(c_, 1.63 in ethanol). Cohen described (-)-menthyl chloroacetate as 
20an oil, having - 78.4° which solidified on prolonged
standing as needles m.p.37-38°, No value was given for the specific 
rotation of the solid ester in solution.
(-)-Menthyl Bromoacetate
(-)-Menthyl bromoacetate has previously been prepared by treatment of 
bromoacetyl bromide with (-)-menthol, either in chloroform solution 
(Smiles, J.,1905, 454? Christopher and Hilditch, J., 1912, 202) or 
with no diluent (Cohen, J., 1911,1058). Smiles also esterified bromo- 
acetic acid by heating it with (-)-menthol in the presence of sulphuric 
acid, but obtained an ester of low specific rotation. Reid and Turner 
(J., 1949, 3365) obtained the ester either by interaction of the acid 
chloride with (-)-menthol or by heating bromoacetic acid with (-)-menthol 
in the presence of gaseous hydrogen bromide. In the present investiga~ 
tion (-)-menthyl bromoacetate was prepared from bromoacetyl bromide 
according to the method of Smiles| it was obtained in 95$ yield and 
had b.p.74°/0.05 m.m., 74*85° (i,l), Smiles recorded 74*88°
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£l?l)? b.p.144-145°/l2 m.m. On keeping, the (-)-menthyl bromoacetate 
slowly crystallised as needles m.p.19.5-20.5°5 Reid and Turner report 
m.p.l8.5-19»5°* They purified the ester by crystallisation from 
light petroleum (b.p.40-60°) at low temperatures however when the 
ester was prepared from bromoacetyl bromide it could readily be ob­
tained pure by distillation under reduced pressure.
(-)-Menthyl Iodoacetate
(-)-Menthyl iodoacetate was prepared by heating (-)-menthyl chloro­
acetate with potassium iodide in methanols previously Cohen (J.,1911,
IO58) had prepared it by a similar method using the bromo-analogue.
The ester, which was obtained in 93$ yield, had b.p. 117-120°/0.9 m.m., 
ajp - 67.28° (.1,1)$ Cohen reported b.p. I6l-l62°/l2 m.m., - 67«7°(i»l)«
('+)&(.. 3-2-0otyl Bromoacetates
In the present investigation, (±)-octan-2-ol was resolved 
according to the method of Kenyon (J., 1922,2540). (+)-0ctan-2-ol, b.p. 
76.5°/l3 m.m., ajp + 7.98° (i,l) and (-)-octan-2-ol, b.p. 76.5°/l3 m.m.,
Q£\
cXjj - 7*72° (l.,l) were obtained, corresponding to 99$- and 96$- optical 
purity respectively, since Kenyon and Pickard (J., 1907, 2L 2058) give 
b.p. 86°/20 m.m., a ^  + 8 .00° (1 ,^1). (+)- and (-)-octyl bromoacetates 
have previously been prepared by the interaction of bromoacetyl chloride 
and (+)- and (-)- octan-2-ol in the presence of pyridine (Rule and 
Mitchell, J., 1926,3202). However, it has now been shown that when 
a solution of (+)-octan-2-ol (0.17 mole) in pyridine (0.18 mole) was 
mixed with bromoacetyl chloride (0.18 mole) and the reaction mixture
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then shaken with 2R~hydrochloric acid and worked up, a product,
b.p.l22-l23°/l6 m.m,, + 10,02° was obtained. In a similar
/ 25manner (-)-octan-2-ol gave a product, b.p* 126-129°/l7’-l8 m.m. f - 
9»22° (l^l). A Lassaigne sodium fusion, followed by testing for 
chloride and bromide suggested that the halogen present was mainly 
chloride with just a little bromide. The physical constants for
•% O *7
(+)-2-octyl chloroacetate are b,p. 119-120°/l5 m.m,, a ^  + 8,64°
(jL,l)(Rule and Mitchell, J., 1926,3202)? whereas the corresponding
22figures for the bromo-analogues are b.p. 121°/l5 m.m., + 13.34°
(_l,l). Rule and Mitchell used this method as a general method of pre­
paration of optically active esters of substituted acetic acids (see 
/
also Rule and Smith, J., 1925? 127 2188) and do not record the yield of 
2-octyl bromoacetate which they obtained. Also it is not certain that 
the reaction conditions used in this investigation were similar to those 
used by Rule and Mitchell as it is not apparent at what temperature 
their reaction was carried out, nor whether benzene was used as a 
diluent. This reaction was not studied further but it is of interest 
that Reid (personal communication) found that the interaction of bromo­
acetyl chloride and (-)-menthol in the presence of pyridine gave a 
product containing a large proportion of (-)-menthyl chloroacetate.
The (+)- and (-)-2-octyl bromoacetates were prepared by the 
interaction of (+)- and (-)-octan-2-ol and bromoacetyl bromide? (+)-2- 
octyl bromoacetate having b.p*91°/l.5 num., + 13,05° (l?l) and 
(-)-2-octyl bromoacetate having b,p.84.5°/0 .9 m.m., - 12.25° (l?l)
were each obtained in 85$ yield.
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(+)-2-Butyl Bromoacetate
(+)-Butan-2-ol was resolved according to the method of Hauser and 
Kantor (J.A.C.S., 1953 75*1744)« This method involves heating under
reflux the brucine salt of (+)-2-butyl hydrogen phthalate in in­
sufficient acetone to give complete solution During prolonged 
heating, continual recrystallisation is stated to occur leading 
to a good separation of the brucine salt of (+)-2-butyl hydrogen 
phthalate. In this work, the method was not successful and appeared 
to have no advantage over the method of Pickard and Kenyon (J.,19Hj 
45) in which fractional crystallisation of the mixture of diasteheo- 
isomeric brucine salts is carried out. (+)-Butan-2-ol, b.p.98%  
aijp + 9*90° (ij>i) was obtained, corresponding to 91$ optical purity.
It is possible that this observed rotation is low, because of in­
complete drying, since the specific rotation of the hydrogen phthalate,
[aj 3 + 37-4° (0.9 4 » 9 in ethanol) corresponded to 96$ optical purity.
Interaction of (+)-butan-2-ol and bromoacetyl bromide led to (+)-2- 
but.yl bromoacetate in 77$ yield, having b.p. 72.5°/l5 m.m., + 26.27°
C L j 1) •
(-)-Bornyl Bromoacetate
The interaction of (-)-borneol and brompacetyl bromide in chloro­
form gave (-)-bornyl bromoacetate, having b.p. 103.5°/0 .8 m.m.,
40.440 (l,l), -{VJ - 30.2° (£97*46 in ethanol), in 93$ yield. Minguin 
and De Bollemont (Compt.rend., 1902, 134*609) report b.p. 265%  £o] ^ - 
30.5° (.c, 6.87 in ethanol) for the ester which they obtained by inter­
action of (-)-borneol and bromoacetic acid in the presence of
-21-
sulphur ic acid.
(-)-g-Fenchyl Bromoacetate
(-)-g-Fenchyl bromoacetate was obtained in 85$ yield by the inter­
action of (-)-a-fenchol and bromoacetyl bromide. It had b.p. 83°/o.2 m.m.,
a£5 - 52.980 (1,1).
(-)-Menthyl a-Bromo-iso-butyrate
g-Bromo-iso-butyryl bromide, b.p. 160°, was prepared from g-bromo- 
iso-butyric acid, bromine and red phosphorus, in 59$ yield. Published 
values include s- b.p. 162-164° (Kaschirsky, J.Russ. phys.chem.soc.,
1881, 13,86s see Beilstein 2,297), • b.p. 161-163° (Walden, Zeit.phys. 
chem., 1903, 43,46l| see Beilstein _2,297)•
(-)-Menthyl a-bromo-iso-butyrate was obtained with b.p. 88-89°/0 .4 m.m.,
25aD - 59-44° (i*l) 60$ yield from the acid bromide and (-)-menthol
in chloroform.
(-)-Menthyl Acetate
(-)-Menthyl acetate has previously been prepared from (-)-menthol 
and a slight excess of acetyl chloride (Tschugajew, Ber., 1898,31,360$ 
Patterson and Taylor, J, 190% 8j[,37f Cohen J.f 1911, .21,1058), and 
from the same reactants in the presence of pyridine (Pickard and 
Kenyon, j., 1915, 101,35). In the present investigation, the ester 
was obtained in 90$ yield by the method of Pickard and Kenyons it had 
b.p,105-108°/l5-l6 m.m., gjp -*73.5°(l.jl)« Previously recorded physical 
constants include b.p.l08°/l5 m.m., g^° - 73.0°(lfl) (Tschugajew)*
b.p. ll6°/22 m.m., - 74*1° (i,l) (Patterson and Taylor)s b.p.Ill0/
18 m.m., a ^  - 73*6° (l,l) (Pickard and Kenyon).
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g-Tetralone
a-Tetralone had "been prepared by the catalytic hydrogenation of a-naphthol 
(See Schroeterj C.A. 1923, 11,1245), by cyclisation of Y-phenylbutyryl 
chloride with aluminium chloride (Kipping and Hill, Jo, 1899$ 75.147%
Martin and Fieser, Org.Syn.CoIl.Vol.il, 1943? 569)? ^  cyclisation of 
Y-phenylbutyric acid with concentrated sulphuric acid (Krollpfeiffer and 
Schafer, Ber., 1923? 5 6,624), and by oxidation of tetralin with either 
chromic anhydride (Schroeter, Frdl., 1921-1925, 1^,491$ Braude and Evans, 
J., 1955? 3339) with oxygen at 80° (Cook, J., 1938, 1778). In the 
present investigation a-tetralone was first prepared by the method of Martin 
and Fieser by the following series of reactions.
Zn/HCl
n * C^ H,-CO. CHpCHrt. C0„H
CEL-CO I II
* S0C1,
C6 %. + 9 I2_gV 0 c6h5co.ch2ch2.co2h -— ♦  c6h5ch2gh2ch2co2h
•2
\y
CgH^ CHgCHgCHgCOCl
„ III0
p-Benzoylpropionic acid (i), m.p.117.5-118°? was first prepared from 
succinic anhydride, benzene and aluminium chloride according to the con­
ditions given by Somerville and Allen (Org.Syn.Coll.Vol.il, 1943? 8l)? 
these authors give in.p.116°. Y-Phenylbutyric acid (il) was prepared from
the acid by reduction with zinc and hydrochloric acid as given by Martin 
(Org, Syn. Coll. Vol.II, 1943? 499)? acid obtained had m.p.48.5-49°? 
a value agreeing with that given by Martin. Y-Phenylbutyryl chloride was 
prepared from this acid by treatment with thionyl chloride according to the 
conditions given by Martin and Fieser, and the chloride cyclised to a-tetra­
lone as given by these authors. a-Tetralone, b.p.l26-126.5°/lO m.m., was
obtained? Thompson (Org.Syn., 1940, 20,94) gives b.p. 123-124°/9 m.m.
In all but the last stage, the yields approximated to those given by 
the various authors. The yield, 48$, from the preparation and cyclisa­
tion of Y-phenylbutyryl chloride was poor compared with that given by 
Martin and Fieser (74$)° The loss probably arose during the preparation 
of the acid chloride since considerable charring occurred at this stage.
In view of the low overall yield (36$) and the lengthy procedure, in 
order to prepare a larger quantity of a-tetralone the method of Braude 
and Evans was used. Tetralin was oxidised with chromium trioxide in 
acetic acid by keeping the mixture at room temperature for 10 days.
The a-tetralone obtained was considerably impure in contrast to the pure 
product obtained by the previous procedure. Distillation of the crude 
product gave a fraction b.p, 130-138°/l3 m.m., from which crystals of 
1s4~ft0'Phthoquinone separated on standing. The crude material was purified 
by chromatography on alumina using light petroleum (b.p.60-80°) both as 
solvent and eluent. In this way a-tetralone b.p,131-132°/l3 m.m., was 
obtained in 26$ yield, a value in good agreement with Braude and Evans 
who did not purify their product having b.p. JL 29-135 °/l2 m.m. For the 
preparation of a-tetralone this method is superior to the cyclisation 
procedure since the overall yields for the two methods do not differ 
greatly, and the oxidation method is not so lengthy.
P-Tetralone
This ketone has-been prepared by a variety of methods but the methods 
starting from more readily accessible materials are relatively recent
-St­
ones | these include reduction of {3 -naphthyl methyl ether with sodium 
and alcohol (Cornforth, Cornforth and Robinson, J,, 1942,689) or with 
sodium and liquid ammonia (Birch, J,, 1944,430), high-pressure catalytic 
hydrogenation of p-naphthol, or catalytic oxidation of 2-tetralol by 
hydrogen transfer with ethylene. (Adkins, Rossow and Carnahan, J.A.C.S., 
1948, 1 2 /1247)* Ih the present investigation p -tetralone was pre­
pared according to the conditions of Cornforth, Cornforth and Robinson^ 
the ketone which was obtained in C&fo yield, had b.p. 103°/l,8 m.m.
Values given in the literature include b.p. 92-94°/l»8 m.m. (Soffer, 
Beilis, Gellerson and Steward, Org.Syn., 1952, 32_,97) and b.p. 111-115°/ 
5 m.m. (Dauben and Teranishi§ J., Qrg.Chem., 1951? i£?550)« Pue to the 
sensitivity of p-tetralone to aereal oxidation, the ketone was pre­
served as the bisulphite addition compound, which was decomposed 
immediately prior to use of the ketone.
p-Methylacetophenone
This ketone was prepared from acetic anhydride, toluene and 
aluminium chloride by a method similar to that used by Adams and 
Roller (Org.Syn.Coll.Vol.I, 1941, 109) for the preparation of p-bromo- 
acetophenone. p-Methylacetophenone was obtained in 58$ yield having 
b.p. 107~109°/l7 m.m., and n ^  1.5339° Published values include the 
following g- b.p.93.5°/7 m.m., n^° 1.5335 (Roller and Adams, J.A.C.S. 
1924, ,46,, I893)§b.p.l05-106°/l3 m.m, 5 n ^  1.5332 (Aiwers and Kolligs, 
Ber., 1922, ^ ?42).-
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Hexahydrobenzaldehyde
Various workers have described the preparation of this 
compound? but in nearly all cases? the starting materials are not ■ 
readily accessible* Hence in the present investigation? hexahydro- 
benzaldehyde was prepared from the interaction of cyclohexyl 
magnesium chloride and dimethylformamide by a method similar to 
that of Bouveault (Compt.Rend.? 1903? 137a 989)« The aldehyde? 
prepared in 4-Ofo yield? had b.p. 90°/92»5 moino » 1-4525* Pre­
viously recorded physical constants include s- b.p. 159° (Bouveault, 
Bull, soc.chim. ? 1903? £3] ? 22?1049b l6l-l63°, 1*4495
(Paworski and Bergmann? Ber*? 1907$ ,42.? 4867)? b o p .  75-78°/20 m.m. 
(Darzens and Lefebure? Compt. rend.? 1906? 142 .>714)I b.p. 6l°/22 m.m* 
(Danilow? Danilowa? Ber.? 1929? 6.2?2668).
III.
POSSIBLE FACTORS AFFECTING THE DEGREE OF 
ASYMMETRIC SYNTHESIS IN THE REFORMATSKY
REACTION.
- 26-
Possible factors affecting the Degree of 
Asymmetric Synthesis in the Reformatsky Reaction*
Reid and Turner (J., 19^9* 33&5)» as mentioned in the 
introduction, have examined the interaction of acetophenone and 
(-)-menthyl bromoacetate in benzene solution in the presence of 
zinc. Hydrolysis of the resulting (-)-menthyl £-hydroxy-(3- 
phenylbutyrate gave dextrorotatory p-hydroxy-p-phenylbutyric 
acid. CH-,
t 2
Ph.CO.CH^ + Br2nCH2C02C10H1^ ^ Ph - C - CH2C02C10H19
OH
CH- 
» y
Ph - C - CH2C02H 
OH
They found the specific rotation of the product (and thus the 
degree of asymmetric synthesis) to be virtually independent 
of such reaction conditions as mixing time, concentration of 
solution and duration of heating, and also variation of the 
ester: acetophenone ratio. .The small differences in the 
specific rotations of the products ( +: 2.31° to + 2.^7°
due to the variation of specific rotation of p-hydroxy-(3-phenyl> 
butyric acid with the concentration of the solution in which 
the polarimetric readings were taken, increase in concentration 
of solution causing an increase in specific rotation*
) was
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As shewn in the following table, experiments in the 
present investigation confirmed the conclusions of Reid and 
Turner.
Menthyl 
Bromoacetate 
g.(mole).
Aceto- 
-phenone 
g.(mole).
Zinc 
g.(g.-atom).
Ben­
zene 
ml* :
pc;
m d
C , in 
ft OH
Duration 
of reflux | 
(hours). j
6.31 (0.023) 2.66 (0.022) 1.55 (0.024-) 30 +2.62° 10.69
1
^ i
6.30 (0.023) 2.88 (0.024-) 2.66 (0.04-1) 15 +2.4-6 10.67 4 !
5.63 (0.020) 2.97 (0.025) 2."62 (0.04-0) 20 +2.73 11.03 1
5.64- (0.020) 2.91 (0.024-) 2.02 (0.04-0) 20 +2.57 10.83 10
3.70 (0.021) 2.96 (0.025) ‘2.62 (0.04-0) 20 +2.32 10.55 20
The analogous reactions using benzaldehyde and (-)-menthyl 
bromoacetate for the partial asymmetric synthesis of (3-hydroxy- 
{3-phenylpropionic acid, were also shewn to give a degree of 
asymmetric synthesis, unaffected by the concentration of the
reaction mixture, as the following table shews.
Menthyl
Bromoacetate
g.(mole).
Benzalde- 
-hyde. 
g,(mole).
Zinc 
g.(g.-atom)
Ben­
zene
ml.
C , in
EtOII
Duration 
of reflux
(hours).
..
5 .5b (0 .020) 2 .1 3 (0 .020) 1*34-' (0 .020) 15 -2.75° 10.66 4#
5 .55 (0 .020) 2.14- (0 .020) 1.4-3 (0 .021) 30 -2.90 3.42......
The reproducibility of the degree of asymmetric synthesis in 
the Reformatsky reaction, irrespective of the conditions used, 
is,in marked contrast to observations made in the McKenzie type 
asymmetric synthesis in which a Grignard reagent reacts with a
ketoester, With respect to the latter type of asymmetric 
synthesis, Ritchie (Asymmetric Synthesis and Asymmetric Induction, 
Oxford Univ. Press, 1933* H O) noted ’’the extent of any 
asymmetric synthesis of this type appears to depend as much upon 
the conditions obtaining during the Grignard reaction as upon 
the rotatory power of the directing system; on repeating such a 
synthesis several times, the activity of the product has been 
found to vary markedly.”
These contrasts between the Grignard and Reformatsky reactions 
could be explained in terms of the difference in character of the 
two reactions, but the possibility that other explanations existed 
could not be excluded. The two,most probable alternatives were 
considered to be (i) that the Reformatsky reaction was reversible; 
(ii) that the degree of asymmetric synthesis was due to side 
reactions during the alkaline hydrolysis of the (-)-menthyl esters. 
The investigations, which were carried out in order to ascertain 
whether either of these explanations was correct are described 
below.
(a) Reversibility- of the Reformatsky Reaction.
Hauser and Puterbaugh (J.A.C.S., 1953? 75? 4-756) report 
that the interaction of ethyl bromoacetate and acetophenone in a 
Reformatsky reaction using benzene as solvent gave a 60% yield 
of ethyl (3-hydroxy-p-phenylbutyrate when the reaction mixture
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was heated under reflux for lK hours* However, when the 
reaction was carried out using benzene and toluene as solvent 
and heating was continued for 29 hours, then only 1% of the 
|3-hyroxyester was obtained, the other products isolated 
being dypnone (4-9%) and benzoylacetone (6%). It was suggested 
that these products were formed in accordance with the following 
reaction scheme
Reformatsky 
Ph.CQ.CH-, +; BrZn CHoC0oEt Reaction ph
c. d.
•'Reverse Aldol 
Condensation"
CH- 
» ^
C - CH2C02Et
Ph. CQt • CH' 0ZnBr * + CH-CO~EtH p 2
Ph.CO.CH
v
CH-
»3
Ph.CO.CH - C-Ph 
»
0 ZnBr
0 ZnBr
Ph.CO.CH-CO„CH- + EtO.ZnB*
Ph.C0.CH2ZnBr,
[Ph.CO.CH*CO*Cffi^J Zp:Br *.Ph.CO.CH
V
1 . metal-hydrogen exchange
2 . dehydration 
CH-
»3
Ph.CO.CH =. C - Ph,
From the point of view of the present investigation it was 
necessary to establish whether the reversibility of the Reformatsky 
reaction was of importance in determining the degree of asymmetric 
synthesis. Since the zinco-bromides of the (-)-menthyl esters
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of the p-hydroxyacids are diastereoisomers, then in a 
decomposition such as was termed ’’reverse aldol condensation” 
by Hauser and Puterbaugh (loc.cit.), they might decompose at 
different rates; thus, although the two diastereoisomers might 
have been formed in equal amounts initially, it would appear 
as if an asymmetric synthesis had accured. Furthermore, if 
the reverse reaction took place at an appreciable rate (although 
the secondary reactions, indicated above by A, may not occur) 
the new asymmetry may be introduced after the initial addition 
stage. Thus the relative amounts of the diastereoisomeric 
esters formed would be under thermodynamic control and not under 
kinetic control, and the initial proportions of the diastereoisomers 
formed might not be the same as those finally present.
In order to ascertain whether the reversibility was of 
importance in the present investigation, an ethereal solution 
of the bromo-magnesium derivative of (-)-menthyl ( + )-j3-hydroxy- 
-P-phenylbutyrate was prepared from the p-hydroxyester and methyl 
magnesium bromide.
Me Me
i i
OH
+• MeMgBr * Eh - C - CH2C02C10H19 + CHif
0 MgBr
The reaction mixture was then heated under reflux for
8 , and 12 hours respectively and decomposed in the usual
manner with ice and 5N-sulphuric acid. In all cases, the 
(-)-menthyl ( + )*-P-hydroxy-P-phenylbutyrate was recovered in 
almost quantitative yield, its melting point and specific 
rotation being unchanged. This indicates that the reverse 
reaction was of no importance under these conditions.
To test the stability of the zinco-bromo-derivdfcives of 
(-)-menthyl p-hydroxy-p-phenylbutyrate, Reformatsky reactions 
were carried out in the usual manner, except that differing 
periods of reaction time were used. The results (p.27), shew 
the degrees of asymmetric syntheses and yields of j3-hydroxy-|3- 
-phenylbutyric acid to be virtually unaffected by long periods 
of reaction time. Hence the rate of "reverse aldol condensation” 
for the (-)-menthyl (3-hydroxy-p-ph'enylbutyrates is insignificant 
under the conditions used in the present investigation.
( b ) An investigation into theAlkaline Hydrolysis of the 
(-)-Menthyl Esters.
If the p-hydroxyesters undergo any reaction such as
fission of the C - CL - bond 
a p
p a
RoC-CHoC0„R ---------- >  RoC0 + CH_,C0oR
d , d d d J d
OH
prior to hydrolysis, then an apparent asymmetric synthesis 
might be observed although equal quantities of the diastereo- 
isomers were present initially. This would arise if the
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relative rates of fission for the two diastereoisomers
differed from the relative rates of hydrolysis for the
respective esters. Any decomposition of the free acid which
might occur, is not important in the present investigation, 
since both stereoisomers will decompose at the same rate and 
the specific rotation of the {3-hydroxyacid obtained will 
still reflect the relative proportions of the two diastereoi- 
someric esters formed, although the yield of the p-hydroxyacid 
will be reduced.
The cleavage of |3-hydroxy acids and their esters, in the 
presence of alkali, was shewn b y .Ivanov and his co-workers 
(see Bull.soc.chim. , 1933? 33*, 321 for references) to be 
general for those compounds having oc-aryl substituents. From 
a survey of the literature it appears that those p-hydroxy- 
esters which are not substituted at the a-carbon atom are not 
cleaved to a large extent, although some exceptions to this 
rule are known, e.g. Bachmann, Cole and Wilds (J.A.C.S., 19^0, 
62, 826) have shewn the following reaction to occur *
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Since, however, Spitzauer and Michel (Mon,, 1901, 22, 1109) 
have shevm that esters of p-hydroxyacids are cleaved by- 
alkali at much greater rates than the corresponding free 
acid, it is necessary to ascertain whether alkaline cleavage 
does occur during the hydrolysis of the (-)-menthyl p-hydroxy- 
esters,
Moreover, Canonica, Pelizzoni and Fedeli (Gazz., 1995?
85, 130) consider that when_the methyl or ethyl esters of 
q-isopropyl-a-isobutylhydracjyi-icacid are treated with alkali 
5,mobilioation of the bond between the two asymmetric 
centres'* occmss prior to hydrolysis; the acids themselves 
being stable under the conditions used. This proposal was 
based upon the assumption that interaction of iso-valeric 
aldehyde, ethyl q-bromo-iso-valerate and zinc
i) Zn * *
MeoCH-CHoCH0 -k BrCH-C0_Et tty— 7^  MeoCH-CHo-CH-CH-C0_Et 
2 2 , 2  13.) H o0 2 2 , , 2
CHMe2
in a Reformatsky reaction gave the racemate of only one of the 
two possible diastereoisomers, and yet hydrolysis gave a 
mixture of both racemates in poor yield. It must be pointed
OH CHMe
NaOH
2
NaOH
Me2CH-CH2-CH0 + CH2~C02Et 
CHMe~
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out that the homogeneity of the racemic ester obtained 
from the Reformatsky reaction was based upon the fact that 
it distilled within a range of 1°,
In order to ascertain whether decomposition of the 
diastereoisomeric (-)-menthyl esters of the p-hydroxy-p- 
-phenyl~n-alkanoic acids was occuring under the action of 
hot aqueous alcoholic alkali, attemjfcs were made to prepare 
and separate the diastereoisomeric P-hydroxy-p-phenylpropionates 
and the corresponding butyrates. Then, if the two diaster­
eoisomers were undergoing fission at different rates, this 
would be reflected in the yields and specific rotations of 
the p-hydroxyacids obtained by hydrolysis of mixtures of the 
two diastereoisomers.
Attempts were also made to avoid the nhydrolysis stage5’ 
by removing the (-)-menthyl group from the p-hydroxyesters 
through reduction of the ester with lithium aluminium hydride. 
These two investigations are discussed separately below.
(i) The Preparation, Separation and Hydrolysis of some (-)- 
Menthyl p-Hydroxyesters.
It was decided to prepare a mixture of the two diaster­
eoisomeric (-)-menthyl p-hydroxy-P-phenylpropionates by the 
following series of reactions:-
- 3 5 -
PhC02Et + [CH^C0.CH.C02Et]"*Ka
Ph.CH (0H)CH2C02C10H19<r 
III
Ethyl benzoylacetate (I) was prepared from the sodio- 
-derivative of ethylacetoacetate and ethyl benzoate, according 
to the conditions of McElvain:andWeber (Org. Syn., 194-3* 23?
35) • The ester, obtained in J>&% yield, had b.p. 121-124-°/0,7m.m., 
McElvain and Weber give b.p. 130-135°/3 m.m. ' ~
The interaction of ethylbenzoylacetate and (-)-menthol 
at 160° gave (-)-menthyl benzoylacetate as needles, m.p.
4-3-43.5°, in 56% yield. Rupe (Ann., 1912, 395, 98), who 
carried out a similar reaction at 120°, gives m.p. 4-1°,
[°G^ -56.4-1° (initially) and CoO^ -5 6.89° (C, 10 in ethanol)
(after 6 hours). In the present investigation, the mutarotation 
of (-)-menthyl benzoylacetate in ethanol was observed (see Fig.I,p.3 6 ) 
and found to obey the relationship
0.0062 t « 0.602 - log10(56.4- + [oc]t)
The initial and final values (after 6 hours) for the specific 
rotation are [a]^ - 52.4-5° and - 56.4-° (C, 10 in ethanol)
(after 6 hours) respectively.
 ----> Ph.C0.CELC0oEt__ _ 0 2 _2 150 I .
EL,/M
(-)-CioHi90H
16 0°
/
Ph.C0.CH2.CO20loH19
II
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0.6
login(56.;+-[a] )
0.0
160 t (mins)
Both ethyl and (-)•crentiiyl benzoylacetates shewed a marked 
tendency to undergo selfcondensation at temperatures greater 
than 120°; consequently the yields were poor and considerable 
amounts of dehydrobenzoylacetic acid (II)' were obtained.
Ph c^jH ho; - 90
| H 1- CH
»!- * I I
CH
l 1
CO.Ph
CO -1 OR
Ph 0,
\  / \
C CO
l! I
CH CHCOPh 
\ /
'‘CO
II
l.H2S0^
+2R0H
(R=Et, C10H19)
/ 2.Ho0
Ph 7 0 x
\
C
CH
C0‘
CO\
. CH0 2
(III)
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Treatment of this compound with 50% - sulphuric acid at 
160° gave 6-phenylpyranone. (Ill) m.p. 2^7-2V8° (dec.);
Balenovic and Lunko (Mon., 19^8, 79, 1^ give m.p. 245°.
The hydrogenation of (~)-menth5*l benzoylacetate in ethanol 
at room temperature and atmospheric pressure over W-A Raney 
nickel gave a mixture of the diastereoisomeric (-)-menthyl 
p-hydroxy-p-phenylpropionates (IV) in quantitative yield.
Ph..C0.CH2C02C10H19 + H2 -----   ^  Ph.CH(0H)CH2C02C10H19 (IV).
This method was chosen since Adkins, Connor and Cramer 
(J.A.C.S., 1930, 32, 3192) have sin ewn that hydrogenation of 
ethyl acetoacetate in solvents other than ethanol leads to 
considerable quantities of "diesters."
e.g. 2 CH-C0.CHoC0oCoHc -4-2 H0  > CH,CH(0H)CH^C0oCH(CH J C H oC0oCoHc
3 2 2 2 3 2 3 2 2  3 2 2 2 3
+ C0 H,-OH 2 3
Difficulty was encountered in the separation of the mixture 
(IV) into the two diastereoisomers by fractional crystallisation 
owing to their high solubility. The (-)(-) diastereoisomer was, 
however, obtained optically pure after four crystallisations 
from small amounts of light petroleum (b.p. 40-60°). Hydrolysis 
of this ester, m.p. 60.5 - 61*5°, - 5 8.31° (£, 1*5 i*1
ethanol), under the usual conditions gave p-hydroxy-f3-phenyl-
o 25propionic acid, m.p. 115 , HaHjj - 17.6° (C, ^.0 in ethanol), 
in 8 5 % yield. Recrystallisation of this acid from water gave
-38-
the optically pure acid m.p. 115°, - l8 .^ f°
(C, 1 ,98 in ethanol). This value should be compared with 
that obtained by Kenyon, Phillips and Shutt (J., 1935? 1663) 
who - carried out the resolution of the racemic acid wr th 
brucine, and obtained the optically pure acids 
having m.p. 115°? i 18.9° (C, in ethanol). The
separation of pure (-)-menthyl ( + )-p~iiydroxy-p-phenylpropionate 
was not possible owing to the great solubility, of the ester 
and the purification of this diastereoisomer was not carried 
further in view of the more successful results obtained from 
the corresponding butyrates.
With a view to preparing the (-)-menthyl (3-hydroxy-* 
(3-ph.enylbutyrates from the optically pure acids, an attempt 
was made to esterify (+)-p~hydroxy-p-phenylbutyric acid with 
(-)-menthol using an ion-exchange resin,. Zeocarb 225-H as 
catalyst. This and similar resins, have previously been 
used by Sussman (Ind.Eng.Chem., 19^ +6? 38? 1228) for the 
preparation of esters from acid sensitive reactants, e.g. 
furfuryl. alcohol. However, in the present investigation, 
only P-methylcinnamic acid could be isolated when ( + )-{3- 
phenylbutyric acid was treated with (-)-menthoT in benzene 
in the presence of zeocarb 225-H.
A mixture of the diastereoisomeric (-)-nenthyl p-hydroxy**p-
- 3 9 -
-phenylbutyrates was prepared by a Reformatsky reaction 
under the usual conditions. The esters were obtained as a 
mixture of a crystalline solid and an oil; the solid, after 
three crystallisations from light petroleum (b.p. 4-0~60°)
gave (-)-menthyl ( + )-P-hydroxy-(3-phenylbutyrate, ,m.p» 80-80.5°»
2^ 3 o[a3^ - 31*3 (;0-,2,0 in benzene). The oil obtained from the
2^ 3 ooriginal mixture crystallised on standing, and had [oc]^  - 60.8
(p, 2.0 in benzene). From this material, the (~)(-)-diaster-
o 2 ^3 oeoisomer, m.p. 60*5-61 , CcG-q - 69*0 (C, 2 .0 in benzene) was
obtained in an almost optically pure condition by fractional
crystallisation from aqueous alcohol and then from light
petroleum (b.p. 40-60°). However, as in the case of (-)-menthyl
( + )~p-hydroxy-j3~phenylpEopionatethe (-K^l^diastereoisomer
could not be obtained optically pure because of its high
solubility.
In another experiment, the mixture of p-hydroxyesters 
obtained from the Reformatsky reaction, solidified completely, 
and after drying had m.p. 5 0«5-52°, - ^5 *3° (£» 2 .0  in
benzene). The (+)(-)-diastereoisomer was obtained by fractional 
crystallisation of the mixture as described above; however, 
attempts to separate the (-)(-) diastereoisomer failed. For 
success in this separation it thus appears necessary to 
achieve a good separation of the diastereoisomers initially.
-RfO-
In the earlier experiment, separation of the crystalline 
material from admixed oil rendered this possible.
Hydrolysis of the (+)(-)-diastereoisomer, and mixtures 
of the two diastereoisomers was carried out in the usual 
manner. In all cases, the yield of P-hydroxyacid was 
consistently high, being in the region of 90%. Had no 
asymmetric synthesis occurred during the Reformatsky reaction, 
in order to account for the observed optical activity of the p- 
-hydroxy~p-phenylbutyric acid in terms of asymmetric decompos­
ition only, the yield of p-hydroxyacid from these hydrolyses 
could not be greater than 75%? even assuming that only one of 
the diastereoisomers was cleaved in this way. The direct 
correlation between rotation of the p-hydroxyester and that of 
the acid derived from it, is shewn by the following graph, Fig.II, 
thus confirming that asymmetric synthesis was not arising during 
the hydrolysis.
10,0
Acid
-70° [oc]p5
Ester
-10,0 '
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As shewn by the graph, hydrolysis of the optically
pure (-)-menthyl (+)-p~hydroxy-P-phenylbutyrate gave j3~
hydroxy-P-phenylbutyric acid m.p, 82-83°, +8 ,92°
(C, 1,76 in ethanol). This value should be compared with
those obtained by Reid and Turner (J., 1950? 3^94) who carried
out the resolution of the racemic acid with morphine, and
0 2 "3obtained the optically pure acid having m.p, 79-80 , [oO^g^
- 8.0°, - 8 ,9° (C, 1*75 in ethanol).
Only very, small quantities of acetophenone, characterised
as its 2,4-dinitrophenylhydrasone, were obtained from the
neutral fraction of the hydrolyses,.by treatment with Brady's
reagent. Thus the extent of decomposition according to the
scheme Me Me
t 1
Ph - C - CH2C02C10H19  Ph - C ** 0 +. C H ^ C O ^ q H ^
OH
is negligible. In view of the high yield of (-)-p-hydroxy- 
P-phenylpropionic acid, (85%)* obtained by hydrolysis of its 
(-)-menthyl ester, it appears unlikely that this type of 
cleavage occurs in this case.
These present results are consistent with the observations 
of Spassov (Ann.Univ. Sofia II, Faculte of Phys.maths., 1937>
C23, J3, 401; see C.A., 1938, 32, 3339) who has shewn that 
only those p-hydroxyacids and their esters which are heavily
substituted, especially with aromatic groups on the a- 
carbon atom, are appreciably decomposed. Similarly, 
liability of the p-hydroxy1 group, implied by the results of 
Canonica, Pelizzoni and Fedeli (Gazz., 1953, §5, 130) is 
not indicated in this instance, If the p~hydroxyl gcoup 
had become separated during hydrolysis of the ester, accord­
ing to the scheme
Me. Me
1 »
Ph - c - CH2 - co2c10h19 Ph - c - CH2 - co2c10h19 + OH
OH
a p-hydroxy acid of approximately constant optical activity 
would have been formed, from any mixture of the diastereoisomeric 
esters, under the directing influence of the (-)-menthyl✓group. 
Had the lability occurred in the p-hydroxy acid salt, it is 
probable that the isolated p-hydroxyacid would be optically
inactive.
The infra-red and ultra violet absorption spectra of 
the separate (-)-menthyl p-hydroxy-p-phenylbutyrates have 
been recorded to ascertain whether there is any fundamental 
difference in the structure of the diastereoisomerides. As 
shewn from the graphs ^ (p.43,4-4)the spectra are virtually 
identical. The absorption maxima in the ultra-violet part 
of the spectrum occur in a region where various types of
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phenyl group absorption are known to occur, consequently 
it is considered that most of the variation in transmission 
is this region can be ascribed to the {3-phenyl group. The
two major absorption frequencies appearing in the infra-red
1 —  1 *" 1 spectrum, at 3350 c.m. ■ , and a broad band around 2860 c.m*
correspond to known frequencies for inter - and intramolecular 
■hydrogen bonding. It is considered probable that hydrogen 
bonding between the p-hydroxyl group hydrogen atom and the 
ester carbonyl oxygen atom occurs to give both the intra­
molecular hydrogen bridge
Ph Me 
\  • /  ^,0R
0-i.i .mWi.-i. H .......<0
and a polymeric type of intermoiecular hydrogen bonding.
Ph Me Ph Me
^CH2—  c--0E c^ -"0R 'N c <36 " CH-
II I I! I
0..O ...H --- 0 0 .......H —  0
Spectroscopic evidence fox*' the former type of hydrogen bonding 
in a*- and p- hydroxyacids and their esters has been given by 
Mori, Tsuziki and Tsubomura (J. ,Chem.Soc*Japan, 3.956, 77» ^59)* 
Hydrogen bonding in the diaster.eoisomeric p-hydroxy-
- 4 6 -
esters would thus lead to a roughly planar ring structure 
as indicated earlier. The two diastereoisomers would have 
phenyl and methyl groups on opposite sides of this ring 
with respect to the (-)-menthyl group. The distance between 
the (-)-menthyl group and these groups is fairly large, 
consequently steric or electronic interaction between them 
would’probably be small, leading to little difference in the 
spectra of the diastereoisomerides as is observed. In cases 
where the diastereoisomeric centres are adjacent considerable 
differences in spectra occur, as has been shewn by Cram and 
Elhafez (J.A.C.S., 1953? 75? 3189) for the A— phenyl-3-hexyl- 
toluenesulpho.nates; in&eeddvariations in the optical density of 
the'two diastereoisomers were used to estimate their proportions 
in a mixture of the two.
It has been mentioned previously that Reid and Turner 
(J., 19^9, 3365) observed the specific rotation of p~hydroxy- 
p-phenylbutyric acid to be dependent upon the concentration 
of the solution in which the polarimetric readings were taken. 
This interdependence might be expected if there was intra- 
and intermolecular hydrogen bonding in the hj^droxyacid as 
has been indicated above for the p-hydroxy esters. Dissolution 
in alcohol would no doubt determine which type of hydrogen 
bonding predominated; moreover, hydrogen bonding between the
-v?~
hydroxyacid and the solvent would also be possible. The 
relative proportions of the hydrogen - bonded forms would, 
no doubt be dependent upon the concentration of the solution, 
and these relative proportions would be reflected in uhe 
specific rotation.
(ii) Reduction of the (-)-Menthyl j3-Hydroxyesters to 
1, 3 " Glycols.
In order to determine the degree of asymmetric synthesis
in the Reformatsky reaction by a method not involving
alkaline hydrolysis, it was intended to remove the (-)-
menthyl group by reduction of the {3-hydroxyesters, with lithium
aluminium hydride, to give the corresponding 1, 3 - glycol
■ • Me ' Mee.g.
t _ »
Ph -  c -  c h2c o2c10h19 k k k t e . P h  -  c -  c h2- c h 2o h + c10h 19oh
OH . OH
Preliminary experiments to determine the practibility of
the procedure were carried out using ethyl (+)-p-hydroxy-p-
phenylbutyrate. Reduction of this ester by the method of
Papa, Ginsberg and Villiani (J^A.C.S., 193^} 76, Vfdf-1), gave
( + )*>3-phenylbutan-l,3-diol as an oil, b.p. 119«5°/0.73 num.,
25 1.3333 • On seeding with the (~)~antipodo, which was 
obtained by reduction of the (-)-menthyl ester, it solidified 
as needles, m.p. ^5-^6°. Physical constants for the (+)-
glycol, previously described as an oil, include b.p. 
13^13b°/l m.ni. n ^  1.5320 (Papa et.al., loc. cit.); 
b.p. 108-110°/0o5 m.m., n ^  1*534-9 (Price, Benton and
Schmidle, J.A.C.S., 194-9, 71? 2860); b.p. 130°/1.0 m.m.
20
n^ 1.534-1 (St.Pfan and Plattner, Helv.Chim. Acta., 1932, 15, 
1250).
Reduction of (-)-menthyl (-:-)-■ -p-hydroxy-p-phenylbutyrate 
was carried out by a similar procedure. Removal of the 
(-)-menthol from the solid mixture was effected by vacuum 
sublimation at 50-70°/0 .2 m.m., however, the last traces of 
menthol could not be removed by this procedure and purification 
of the residua]. (-)-3-phenylbutan-l,3-diol, m.p.57-59°» by 
crystallisation from benzene - light petroleum (b.p. 4-0-60°) 
was necessary. In this way, (-)-3-phenylbutan-l,3~diol, 
m.p. 62.5°? -5 6.8° (jC, 1.6l in benzene) was obtained.
Evaporation of the mother liquor to dryness followed by 
recrystallisation of the residue from aqueous methanol gave a 
small amount of unchanged (-)menthyl ( + )-j3~hydroxy-j3-phenyl~ 
butyrate, thus shewing that incomplete reduction had taken place 
(the use of more drastic conditions for the reduction might 
have avoided this). Owing to the difficuilty of freeing the 
diol completely from (-)-menthol, and since the two have the 
same sign of rotation, this reduction procedure was useless 
in determining the degree of asymmetric synthesis, since
partial resolution could occur during the crystallisation 
procedure, should one.of the stereoisomers predominate over 
the other. The change of sign of optical rotatory power,
(-)-menthyl (+ )-p-hydroxy-(3-phenylbutyrate giving (-)~5-phenyl- 
butan^-l,3“diol, is not general for reductions of esters to 
primary alcohols, (see Lemieux and Giguere, J.Can.Chem. Soc.,
IV.
THE EFFECT OF REACTION CONDITIONS ON THE PARTIAL
ASYMMETRIC SYNTHESIS OF (3-HYDROXY-p-PHENYLBUTYRIC
ACID.
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The Effect of Reaction Conditions on the Partial 
Asymmetric Synthesis of ft-Hydroxy-ft-Phenylbutyric Acid.
(a) Effect of Solvent
It has been shewn in the previous section that the degree 
of asymmetric synthesis obtained from the interaction of (-)- 
menthyl bromoacetate, acetophenone and zinc in benzene is 
virtually independent of such reaction conditions as proportion 
of reactants, concentration of solution, and period of reflux.
The effect of change of solvent on jrhe degree of asymmetric 
synthesis occurring during the Reformatsky reaction has also 
been studied. The reaction media used were benzene, toluene, 
benzene-ether, or ether; the results of representative experiments 
are shewn in the following table*
Solvent
liinu M[in . . . t,
% Yield r i25D £, in 
ethanol
% Asymmetric 
Synthesis.
1*Toluene - 58 +0.83° 10.36 10
2 .Benzene 69 +2.46 10.67 28
3 .Benzene- 
ether(2:l) 64 +3.03 7.23 34
4 .Ether 46 +3-35 6.54 C
O
The use of benzene: ether as solvent for the -Reformatsky 
reaction, as compared with benzene, causes a slight increase 
in the degree of asymmetric synthesis of the p-hydroxy-p-phenyl- 
-butyric acid, whereas the yields are not appreciably effected.
When ether alone was used as the reaction medium it was 
necessary to use an activated zinc in order to effect the reaction; 
no reaction having occurred after 6 hours when (-)-menthyl 
bromoacetate, acetophenone and untreated zinc were heated under 
reflux. In general, for the Reformatsky reaction to proceed in 
ether using ordinary zinc, the haloester has to be very reactive, 
as for example, in the case of y-bromocrotonates, (see Dreiding 
and Pratt ,J.Ai,C.S. ,1953?7,5>371?)* Ike use of activated zinc in 
place of ordinary zinc wool had no effect on the degree of 
asymmetric synthesis when benzene was used as solvent. Thus it 
will be seen from experiments 2,3 & 4, the use of ether alone 
instead of benzene,ok benzene:ether, leads to a further slight 
increase in asymmetric symthesis. Using toluene, a larger volume 
of solvent was necessary,since in more concentrated solutions, 
considerable amounts of a gelatinous precipitate were formed. The 
use of toluene in place of benzene, was accompanied by a considerabl 
decrease in the degree of asymmetric synthesis ( experiments 1 & 2) 
Attempts to carry out a reaction in toluene at 85° were un- 
-successful, thus no direct comparison between toluene and 
benzene experiments is available.
It is probable that the effect of solvent variation on the 
degree of asymmetric synthesis was due to a temperature co- 
-efficient for the reaction. It has been shown by Kenyon and
#
his co-workers (J.,1936,1313;1954,1366) that in the case of a 
addition of bromine to double bonds in a molecule containing
- 5 2 -
a centre of asymmetry, a lowering of reaction temperature leads 
to an increase in degree of asymmetric synthesis. Thus an attempt 
was made to carry out the Reformatsky reaction at a very low 
temperature. The solution obtained from the interaction of (-)- 
menthyl bromoacetate and an activated zinc in ether was treated 
with acetophenone at -80° or at 0°,
BrCHoC0oC-nHnn + Zn -- — >  BrZnCHoC0oCL ^ BL n
c. c, XU l.y c. d. XU ±y
.and kept at -80° or 0° for 10 hours respectively. However, in 
neither case did hydrolysis of the reaction products give any 
[3-hydroxyacid.
The energy of activation for a reaction often varies with 
the temperature at which the reaction takes place: thus since 
the energy of activation for the reaction leading to formation 
of the (+)-(-)-diastereoisomer is probably different from that 
for the (~)~(~)-diastereoisomer, it is probable that the 
relationship between the energy of activation and the reaction 
temperature is not the same for these two reactions. This 
would account for a variation in degree of asymmetric synthesis 
with the reaction temperature.
It has not, however, been possible to show conclusively 
whether this is the case, since it is possible that the solvent 
participates in the reaction in such a way that steric or 
energetic factors are effected. The slightly higher specific rotation 
from reactions in ether may , for example, be due to co-ordination
-53-
of the ether with the primary intermediate. Since however, the 
two greatly differing solvents, ether and benzene, produce small 
difference in the degree of asymmetric synthesis, this argument 
cannot be used to explain the marked influence of toluene on the 
reaction. It is possible in this case that secondary reactions 
occur after the initial i? condensation’’- the increased temperature 
would favour these. However, since the yield is not decreased 
greatly (from to 5&%) it seems probable that the only
important secondary reaction in this case would be reversibility 
of the Reformatsky reaction,
(b)Partial Asymmetric Syntheses carried out in the absence of
Zinc Metal
It has been suggested by Arcus and Smyth (J#,1955>34) ’’that 
much of the interaction, and particularly that leading to asymmetric 
synthesis, takes place at the zinc surface To account for the 
substantial degree of asymmetric synthesis it was suggested that 
” the molecule Br^Zn^H^CO^C^QH.^ is adsorbed at the zinc surface 
in a configuration determined by the (-)-menthyl group; for minimum 
energy of activation, a molecule of acetophenone has to approach 
with carbonyl, methyl and phenyl groups in a definite relationship 
to the adsorbed molecule# The new centre of asymmetry will then be 
formed with a preponderence of one configuration ”• Arcus and 
Smyth state that ” metallic zinc (50% excess)was present through­
out the reaction” ; but it must be pointed out that Reid and Turner
-54-
report experiments in which only the theoretical amount of zinc
was used, the same degree of asymmetric synthesis being obtained.
It is hoivever, possible that asymmetric synthesis occurred only
during the early stages of the reaction when considerable amounts
of unreacted zinc were present. In order to ascertain ■
whether asymmetric synthesis does arise as a result of reaction
on the metal surface, it was desirable to obtain conditions under
which the Reformatsky reaction could be effected in the absence
of metallic zinc .
Siegel and Kecksis (Monatsch.,1953j84j910) treated an ethereal
solution of ethyl bromoacetate with activated zinc and then added
benzophenone to the solution of the primary intermediate
( BrZnCH^COpEt ) thus formed. In the present investigation it has
been found that (-)-menthyl bromoacetate reacts similarly. In
experiments using this technique, the specific rotations of the
p-hydroxyacid obtained using acetophenone, were less consistent 
c? S o( Ca3j-) +3*01- 3*78 ) even using similar experimental conditions,
than in the classical Reformatsky reaction.
This variation in results of similar experiments is reminiscent 
of the work of McKenzie and his school, in asymmetric syntheses 
using Grignard reagents and optically active a-ketoesters, where 
the results of duplicate experiments carried out under similar 
conditions, varied a considerable amount.
The presence of zinc metal in this type of Reformatsky
reaction had little effect upon the degree of asymmetric synthesis 
although the yield of (3~hydroxyacid obtained was higher (52% as 
opposed to 32%). Two factors may account for the difference in yields
i) during the initial preparation of the primary intermediate, a con 
siderable amount of reaction with unchanged ester may occur, 
possibly according to the scheme : — •
OR
1
BrCH2C02R + BrZnCI^CO^R  ---- > BrCH^ - C - CH2C02R
■ OZnBr
ii) the solution containing the primary intermediate was decanted 
from the unreacted zinc in the two stage 11 procedure; it is 
possible that oxygen from the air cvjas absorbed during the decanting 
process, leading to the formation of peroxides in a manner analogous 
to that for the Grignard reaction*
BrZnCH2C0 R +; 02 BrZnC^CB^CO^R
Both these reactions lead to a loss of primary intermediate, 
and thus a lowering of yield; it would appear that the latter 
reaction may be more important since the yield was higher when the 
decantation stage was omitted.
It must therefore be concluded that asymmetric synthesis 
does not arise as a result of reaction on the surface of the 
zinc as was suggested by Arcus and Smyth (loc. cit. )
(c) The Effects ofIodine and Gobaltous Chloride on the degree 
of Asymmetric Synthesis,
Although it is probable that the addition of the primary
- 5 6 -
intermediate to the ketone is essentially a polar reaction, the 
effects of iodine and cobaltous chloride on the condensation 
were investigated in case a radical or free radical mechanism 
was involved.
The addition of catalytic amounts of iodine to a mixture 
of (-)-menthyl bromoacetate, acetophenone, zinc and benzene 
gave, after hydrolysis of the esters, (3-hydroxy-p~phenylbutyrie 
acid the rotation and yield of which was similar to that for 
the non-catalysed reaction.
% Yield rLee jD £j in ethanol
Catalysed. 61 +-,3.02° 7.22
Non-catalysed. 6*f
.. . .-.. .
+3o03 7.23
There is no evidence,in this case, that traces of iodine 
reduce the amount of,?enolisationtf of the ketone as proposed by 
Newman (J.A.C.S.,19^2,6^,2131) thus increasing the yield of 
p-hydroxyester formed.
Ph.CO.CH_, + BrZnCHoC0 R —  — ^  [ Ph.C0.CHo ]ZnBr + CH_C0oR
5 d d ’ST"—*"'— —  d d
The advantage of using iodihe in the Reformatsky reaction probably 
lies in its ability (i) to form small amounts of zinc bromide 
which (a) provides active sites on the zinc surface, or (b) 
removes traces of moisture, or(ii) to give free radicals in 
solution thus initiating the formation of the primary intermediate, 
which is probably formed by a radical mechanism.
j ----^  2I»
2----•'s-- -
-57“
The addition of cobaltous chloride in catalytic amounts 
to the reaction mixture has no effect on the specific rotation of the 
f3~hydroxyacid obtained after hydrolysis. This supports the earlier 
observation by Miller and Nord (J.-Org. Chem. ,1951 »l6i728) that 
cobaltous chloride plays no part in the Reformatsky Reaction.
CoCl2 % yield Ca]f c,in ethanol.
69 +2.^6° 10.67
CoCl2 76 +2.67 10.52
(d) Effect of Metallic Halides of the Group II Metals on the •
_Ymeld and Degree of Asymmetric Synthesis in the-Ref ormatsky
Reaction.
A number of experiments were carried out in which halides 
of the Group II metals were added to the Reformatsky reaction 
mixture, in order to ascertain whether any interchange of metal 
would occur in the sen^e.
BrZnCHoC0oR + MBr0 --- > BrMCHoC0oR + ZnBr2 2 2 2 2 2
Both magnesium bromide and zinc bromide led to a fall in the 
yield and to a slight decrease in the specific rotation of the 
|3~hydroxy-(3-phenylbutyric acid obtained, whereas cadmium bromide 
gave a higher yield and a rather higher specific rotation 
compared with the reference experiment in which no halide was added.
Halide. % Yield. r 1^5 D £,inethanol % asymmetric synthesis•
-
69 +2.^6° 10.67 27
MgBr2 26 +2.0*f 8 .80 : 22
ZnBr2 ^2 +2.63 7.63 25
CdBr? 77 +2 .63 10.07 29
Since the yield is reduced by the presence of zinc bromide 
as well as by the addition of magnesium bromide it is unlikely 
in the latter case that this was due to metal exchange. Moreover, 
if metal exchange had occurred with magnesium bromide, a greater 
difference in the degree of asymmetric synthesis might have been 
anticipated. The decreased yield caused by the addition of either 
of these halides suggests that the Reformatsky reagent initially 
co-ordinates with the ketone, the complex (I) being formed and 
then undergoing intramolecular rearrangement to give the p-alkoxy- 
ester (II).
Since' magnesium and zinc halides are probably stronger Lewis 
acids than the Reformatsky reagent, these halides would prefer­
entially co-ordinate with the ketone; the yields of p-hydroxyester 
obtained from these two reactions could then be regarded as a 
measure of the ability of the Reformatsky reagent to displace the 
halide from such a complex. However, such an explanation could 
not account, for the increased yield obtained from reaction in the 
presence of cadmium chloride, since Me11or and Maley (Nature,1948, 
161,436) have pointed out,that the stability of complexes of the 
bivalent metal ions follows the order
It thus appears that the higher yield in the case of cadmium 
chloride may be due to metal exchange according to the scheme:
\
C = 0: Zn (I) — >
\
CH2C02R
OZnBr
ce2co2r
(II)
Zn >  Cd >  Mg
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BrZnCH2C02R + CdCl2 * ClCdCH2C02R + ZnBrCl
although a more marked effect on the degree of asymmetric synthesis 
might have been anticipated* An alternative explanation for these 
low yields, based on loss of ketone through ’’pinacol" formation, 
was possible.
• However, no 2,3~diphenylbutan-2,3-diol was isolated from a 
mixture of acetophenone, zinc and zinc bromide in benzene after 
heating under reflux for hours. It vms thus concluded that 
"pinacol" formation was not responsible for the reduction in yield 
of the {3-hydroxyacid in the two cases discussed above.
When a Reformatsky reaction was carried out in the presence 
of 1.5 equivalents of mercuric bromide, a vigorous reaction 
occurred immediately the mixture was warmed; however,' after hydrolysis 
of the esters, no (3-hydroxyacid was isolated. Prior to this, the 
initial reaction mixture gave, on working up, large quantities of 
mercurous bromide and some mercury. It appears that the zinc was 
consumed in bringing about the reduction of the mercuric bromide, 
thus leading to failure of the Reformatsky reaction
Attempts were made to use magnesium instead of zinc as the 
"condensing agent!’, since this metal has been used in some Reformatsky
Me Me
M +: MX 2
OH OH
2 HgBr2 + Zn —— — * + ^nBr2
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reactions, ( see e.g., Schroeter, Ber.,1907,^0,1589)• However, in 
the present investigation, no reaction occurred between acetophenone, 
(-)-menthyl bromoacetate and magnesium, even when the metal had 
been treated in the manner used for activation of zinc (p. 5^)* 
However, Schonberg and Moubasher (J. ,19Vf-,^62) report the 
dohalogenation of an a-bromoketone by reaction with anhydrous 
magnesium iodide, which they represented as follows:—
Ph.CO.CPh^Br + Mgl2 — >  PhCI(OMgl),CPh2B r  >  PhC(0MgI)=CPh2
X IX
Ho02
Ph.C0.CHPh2 4 --- PhC(0H)=CPh2
Thus the analogous reaction, using anhydrous magnesium iodide 
and ethyl bromoacetate was carried out, except that the intermediate 
(analogous to II ) was condensed with acetophenone. The interaction 
■of ethereal acetophenone and ethyl bromoacetate in the presence of 
magnesium iodide gave only tarry product from which no {3-hydroxy- 
ester was isolated. However, when the reaction was carried out in 
the presence of magnesium metal, ethyl P-hydroxy-p-phenylbutyrate 
was obtained in kj>% yield.
A similar reaction using (-)-menthyl bromoacetate gave |3-hydroxy
2 ^3 o
■P-phenylbutyric acid in 63% yield, having [oc]^  +2.78 (£, 6.77
in ethanol).
Mg
Mgl2 + BrCH2C02C10H19 — >  IMgCH2C02C10H19 + IBr ---> MglBr
Ph.CO.CH,Me; - 3
t ^
Ph — C — CH^C0^Cn M-L _, 2 2 10 19
OMgl
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The degree of asymmetric synthesis (31%) should be compared with 
that obtained (36%) from the interaction of (-)-menthyl bromo­
acetate, acetophenone and activated sine in ether* The purity of 
/ . . . 
the P-hydroxyacid from the former reaction was poor, such that
too close comparison between the reactions is impossible; thus 
the effect of the size of the halo-metallic cation (XM) in the 
primary intermediate (I) on the degree of asymmetric synthesis 
is not possible in this case*
■ XMCH2C02C10H19 (XM= IMg, BrZn ).
I
(e) Bffect of Halogen Atom in the Primary Intermediate on the 
Degree of Asymmetric Synthesis.
A series of Reformatsky reactions were carried out using 
the (-)-menthyl haloacetates and acetophenone, in order to determine 
whether the size of the halogen atom (X) effected the degree of 
asymmetric synthesis.
XZnCH2C.02C10H19 (X=^Cl,Br,I)
However, no reaction occurred on heating (-)-menthyl chloro- 
acetate and acetophenone in benzene in the presence of zinc wool 
for k hours Moreover, no reaction occurred even in the presence of 
magnesium and mercuric chloride or zinc and cupric chloride; 
these mixtures have been suggested as promoters of the Reformatsky 
reaction, their function being to initiate carbonium ion formation 
( see Miller anclNord, J.Org* Chem. , 1951»l6|728) :
(-)-Menthyl iodoacetate was found to undergo the Reformatsky 
reaction with acetophenone in the presence of zinc under the same 
conditions as the corresponding bromoester.
The changes in yield and specific rotation are not significant ( as 
is seen from the following table) ; thus it appears that the degree 
of asymmetric synthesis depends but little upon the nature of the 
halogen atom.
(-)-Menthyl % Yield r i25[{XV % Asymmetric
Haloacetate,. Synthesis *.
Iodo- 62 +2.11° 2k
Bromo- 69 +2 .  h-G
C
OCVj
(f) Asymmetric Synthesis of ft^ Hydroxy-jB-Phenylbutyric Acid using
?? . ?*
Di-n-Propyl Zinc or Di~n~Propyl Cadmium as Condensing Agents.
The discovery by Cason and Fessenden (J. Org. -Chem. ,1957*22, '
1326) that di-alkyl cadmium reagents are capable of acting as
condensing agents in the Reformatsky reaction, prompted a further
attempt to test the effect of size of metallic cation on the
degree of asymmetric synthesis in the Reformatsky reaction.
RUCO
R2Cd + BrCH2C02R* — ---- > RCdCH^O^R' — ------R»C(0H)CH2C02R»
Di-n-propyl cadmium was found to react with ethyl bromoacetate 
to give an intermediate which reacted with acetophenone to give 
ethyl p-hydroxy-P-phenylbutyrate in 60% yield.
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The analogous reaction using (-)-menthyl bromoacetate gave ,
after hydrolysis of the esters, |3-hydroxy-|3-phenylbutyric acid,
2 5 ohaving Coc]^  +5*^2 , corresponding to 6l% asymmetric synthesis,
a value double that for the corresponding M classical ” Reformatsky 
reaction.
To- compare the di-n-propyl cadmiun reactions with those of
the 11 classical” Reformatsky reactions, the analogous reaction
using di-n-propyl zinc was carried out. Addition of anhydrous
zinc bromide to an ethereal solution of n-propyl magnesium bromide
gave a solution of di-n-propyl zinc. Addition of a solution of
acetophenone and ethyl bromoacetate in benzene, (use of ether
alone led to the separation of a viscous green oil) gave on working
up, ethyl p-hydroxy-p-phenylbutyrate in 61% yield • The analogous
reaction using (-)-menthyl bromoacetate was carried out, {3-hydroxy
(3-phenylbutyric acid was obtained ,after hydrolysis of the esters,
2 5 ohaving +3*95 corresponding to h5% asymmetric synthesis. This
value should be compared with 28% obtained from the classical 
Reformatsky reaction.
An attempt was made to use di-n-propyl mercury as the
?» t ?
condensing agent; however, there was no evidence that reaction 
between the bromoester and the mercury compound took place, and 
certainly the failure of the overall reaction was not due to 
"pinacol" formation, since no 2 ,3-diphenylbutan-2,3-diol was 
isolated.
- 6 ^ ~
*
(g) Effect of the Ester Group(R) on the Degree of Asymmetric 
Synthesis of fi.wHydroxy-P-Phenylbutyric Acid.
A series of Reformatsky reactions were carried out using
optically active esters of bromoacetic acid, to determine the
*
effect of the ester group (R) on the degree of asymmetric synthesis
in the Reformatsky reaction, CEL
* ' Zn 1 *
Ph.CO.CEL + BrCELC0oR ------ -2* Ph - C - CELC0oRC-, cL | <L cL
OZnBr
Interaction of ( + )-* or (-)~2«octyl bromoacetates with 
acetophenone in ,?classical!? Reformatsky reactions gave, after 
hydrolysis of the esters, j3- hydroxy-j3~phenylbutyric acid which 
was optically inactive. However, under the same conditions,
(+)-2-butyl bromoacetate gave the (+)-hydroxy acid having a specific 
rotation corresponding to only 3% asymmetric synthesis.
The failure of (.+ )- and (~)-2-octyl bromoacetates to 
lead to an observable asymmetric synthesis was not surprising 
in view of the results obtained by McKenzie and his school (J.,
1909♦ Biochem. Z. ,1931*237>1)» where (-)-amyl and (-)-2-
octyl pyruvates were reduced by Grignard reagents to glycollic 
acids having rotations corresponding to very low degrees of 
asymmetric synthesis. However,the result using (+)-2-butyl 
bromoacetate is apparently anomalous; it is probable that the 
observed rotation in the product was due to incomplete removal 
of the (+)-butan-2~ol which has a considerably higher solubility 
in water than ( + )- or (~)-octan-2-ol.
- 6 5 -
The high yields (averaging 79%) of (3-hydroxyacid obtained 
from Reformatsky reactions using the 2-butyl and 2-octyl esters 
are probably due to lack of steric hindrance at the carbonyl 
group during the addition: thus the butyl and octyl groups are 
probably oriented away from the reaction site, in contrast with 
that of the rigid (-)-menthyl group. The reduced steric hindrance 
inthe former cases would then reduce the amount of enolisation 
whi-ch occurs, and hence increase the yield of |3_hydroxyester.
Ph.CO.CH_ + BrZnCE_CO_R — — C Ph.CO.CH- ]ZnBr + CH-.CO_R5 2 2 2 5 2
The results of Reformatsky reactions using (-)-a-fenchyl and
(-)-bornyl bromoacetates support this theory, since both these
alicyclic alcohols lead to asymmetric synthesis as is seen by the
following following table.
. , ■ , . , ■ , r 
$
BrCH2C02R
.......
% Yield [a]^ c in ethanol °/o Asymmetric 
Synthesis.
*
R
(-)-a-fenchyl 56 -0 .60° 10.03 7
(-)-bornyl 79 -1.13 11.88 13
The sign of rotation of the resulting (3-hydroxy-j3-phenyl- 
butyric acid using both these bromoacetates is opposite to that 
using (-)-menthyl bromoacetate; the significance of these results 
is discussed in greater detail later (p.lOO).
V. THE EFFECT OF REACTION CONDITIONS ON THE DEGREE OF
ASYMMETRIC SYNTHESIS OF ft-HYDROXY-ft-PHENYLPRQPIONIC
ACID«
VI, THE PARTIAL ASYMMETRIC SYNTHESIS OF SOME ft-HYDROXY-
n-ALRANOIC ACIDS.
VII. THE PARTIAL ASYMMETRIC SYNTHESIS OF SOME OTHER
ft-HYDROXYACIDS.
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The Effect of Reaction Conditions on the Decree of Asymmetric 
Synthesis of P-Hydroxy-P-Phenylpropionic Acid#
Where Reformatsky reactions using acetophenone had given 
considerable degrees of asymmetric synthesis, the analogous reactions 
using benzaldehyde were carried out.
(a) Reformatsky Reactions carried out, in the absence of zinc metal.
As in the case with acetophenone, the interaction of the 
primary intermediate (BrZnCH^CO^C^H^) with benzaldehyde in the 
” two stage” process gave an increased degree of asymmetric 
synthesis over that for reaction in benzene using the '’classical” 
conditions ( experiments 1 & 2).
Solvent. % Yield r % Asymmetric 
Synthesis.
1. ’’Classical” Benzene 7'+ -2.76° 15
2..”2 Stage” Ether kO -4*39 23
3. ”2 Stage” 
excess Zn Ether 63 -4.80 25
The presence of zinc metal in this type of reaction 
(experiment ^ ) had no effect upon the degree of asymmetric 
synthesis although the yield of p-hydroxyacid was higher,probably 
for the reasons discussed earlier (p*55) • As with the analogous 
reactions using acetophenone, it must be concluded that asymmetric 
synthesis does not take place as a result of reaction on the 
surface of the zinc, as was suggested might be the case by Arcus 
and Smyth (loc. cit,).
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(b ) Effect of Zinc Bromide on the Degree of Asymmetric 
Synthesis and Yield inijdie Reformatsky Reaction*
A decrease in yield occurs during the asymmetric synthesis 
of {3-hydroxy-f3-phenylpropionic acid from benzaldehyde and (-)- 
menthyl bromoacetate. in the presence of zinc bromide, thus confirming 
the results of the analogous reaction using acetophenone as 
described earlier. The degree of asymmetric synthesis in this 
case is also unchanged.
Catalyst. % Yield [a]f c,in ethanol % Asymmetric 
Synthesis.
--- — 74 -2.76° 10.66 15
ZnBr^ 64 -3 <27 10.63 17
(c) Effect of Halogen in the Primary Intermediate on the
Degree of Asymmetric Synthesis.
It has been mentioned previously (p.6l) that (-)-menthyl 
chloroacetate does not undergo reaction with zinc under the 
usual Reformatsky conditions. Furthermore, that (-)-menthyl 
iodoacetate does not have an appreciable effect on either the 
yield or degree of asymmetric synthesis, compared with that 
from the reaction using (-)-menthyl bromoacetate. A similar 
conclusion is reached from the results of experiments using 
benzaldehyde.
XCHaC02C10H19
X
-- T—
% Yield j r D c_,in ethanol % Asymmetric Synthesis.
Br 74 1 -2.76° 10.66 15
I 79 | -3.52 10.01 19
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(d) Asymmetric Synthesis of fi-Hydroxy-ft-Phenylpropionic Acid
using Di-n-Propyl Zinc as Condensing Agent*
The interaction of benzaldehyde, (-)-menthyl bromoacetate
and di-n-propyl zinc in benzene and ether gave, after hydrolysis
25 oof the esters, |3-hydroxy-j3-phenylpropionic acid having CoO-q ~5*65> 
which corresponds to 30% asymmetric synthesis, Thus both in the 
case of acetophenone and benzaldehyde, the use of di-n -propyl 
zinc. leads to an increase of 13% in degree of asymmetric synthesis' 
for the ,8-hydroxyacid, compared with the ’’classical” Reformatsky 
reaction. The significance of these results is discussed later (p95)»
(e ) Effect of the Ester Group (R) on the Degree of Asymmetric
Synthesis.
The interaction of benzaldehyde with (+)-2~octyl bromo­
acetate and zinc in a ’’classical” Reformatsky reaction gave,
after hydrolysis of the esters, j3~hydroxy-j3-phenylpropionic 
25 oacid having [ocIL -O.^ f (c,8.27 in ethanol). This rotation,D mm ■ t
corresponding to 2% asymmetric synthesis, clearly cannot be 
explained as incomplete removal of (+)-octan-2-ol, owing to 
the change of sign of rotation. It might be,that in'this case 
an asymmetric synthesis was observed since the specific 
rotation of optically pure (3-hydroxy~p-phenylpropionic acid 
(Ca]D + 18.9°) is much larger than that for j3-hydroxy-J3-phenyl- 
butyric acid (Coc,]^  +8.9°). The observed rotation in this present 
experiment ^as just outside the experimental error ( -0.02°),
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whereas for a Z% asymmetric synthesis of the corresponding 
butyrate, under these conditions,the observed rotation would 
be within the experimental error.
As in the case with acetophenone, the interaction of 
benzaldehyde with ( enchyl or (-)-bornyl bromoacetates 
led to a considerably higher degree of asymmetric synthesis.
BrCH2C02R
*
R
% Yield r[ajp c, in ethanol % Asymmetric 
Synthesis.
(-)-a-Fenchyl 88 +3.00° 8.3^ 16
(-)-Bornyl 7b +2.89 10.80 15
That the two esters lead to the same degree of asymmetric 
synthesis is a contrast to the results using acetophenone, 
where (-)-a-fenchyl. bromoacetate gave 7% as opposed to 13% for 
(-)-bornyl bromoacetate. In all four cases, however, the specific . 
rotation was in the opposite direction to that using (-)-menthyl 
bromoacetate with acetophenone and benzaldehyde.
VI Partial Asymmetric Synthesis of some j3-Hydroxy-n-AIkanoic Acids.
A study was made of Reformatsky reactions in which (-)- 
menthyl bromoacetate and various aliphatic aldehydes 
were used. These reactions were of particular interest because 
the absolute configurations of the optically active (3-hydroxy- 
acids resulting from such reactions are known, and it is of 
interest to compare the absolute configurations of the stereo- 
isomeric hydroxyacids obtained in excess with that of the
- 7 0 -
j3-hydroxy-j3-phenylpropionic acid obtained from a similar 
reaction using benzaldehyde.
In all the cases studied.(i.e., when 11=1,2*5 & 6) the 
p-hydroxyacid was obtained in good yield.However, the specific 
rotation of the product was small, indeed in the case of n=2, 
no asymmetric synthesis was detected* Since the observed 
rotations were outside the experimental error and in all cases 
had the same sign of rotation, which corresponds to products of 
identical configuration, these results cannot be dismissed),
In the following table these results are recorded together 
with the specific rotation of the optically pure j3-hydroxyacid 
as obtained by various authors.
RCHO RCH(OH)CH^CO^H
R % Yield r nD c, in CHGl^
Optically Pure.
r Ref.
C2H5
58 -0.5° 3.06 (in Ho0 )c. -2^.8° 1
n-C^Hr,~~ 3 ( 71
0.0 1.8
--C6H13 
(in CgHg)
-0.2 10.26 -22° 2
n-C,L,
— 6 lp
(in Et^O)
78 -0.2 5.82 2
-~C7H15 78 -0.3 (a) 
-0.3 (b)
9 <*23 
9.63
-21° 3
3
— , —  .
References:— 1. McKenzie (J.,1902,1^02)
-71-
2. Haller and Brochet (Compt. rend. ,1910,150,^-96
f
give +2.^° for the acid in ethanol, from
which the estimated value in chloroform is [a]^-22°.
5. Jarvis and Johnson (J.A.C .S . ,19^-9,71,^124).
In all these experiments, unless otherwise steued, the 
Reformatsky reactions were carried out in benzene, and the (3-hydroxy- 
acids isolated according to the general procedure outlined earlier.
Although the products from the first two reactions (R=Et, 
n-Pr) were oils which shewed no tendency to solidify, j3-hydroxy« 
pelargonic (R=n-C^H.^) and j3-hydroxycapric acids (Rsn-CgH^) were
obtained as needles having m.p. 58-59° and m.p.55° respectively.
Skogh (Acta. Chem. Scand.,1952,6,809) has described the racemic
. o . o
acmds m  the last two cases having m.p. 59 and m.p. 56 • 5
respectively.
VII The Partial Asymmetric Synthesis of some other p-Hydyox.yacids.
From the results given previously, it appears that aldehydes 
and ketones having cyclic groups present in the molecules, give 
rise to the greatest extent of asymmetric synthesis. Thus a further 
series of Reformatsky reactions using (-)-menthyl bromoacetate 
with cyclic aldehydes and ketones were carried out. Since in 
none of the cases studied have the j3~hydroxyacids been resolved, 
the degree of asymmetric synthesis cannot be calculated.
The interaction of (-)-menthyl bromoacetate, p-methylaceto-
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-phenone and zinc in benzene solution under the ’’classical51 
conditions gave, after hydrolysis of the esters, p~hydroxy~
out a Reformatsky reaction using p-methylacetophenone, ethyl 
bromoacetate and zinc; hydrolysis of the p-hydroxyester with 
alcoholic potassium hydroxide was stated to give mainly the 
ap~unsaturated acid. There was no evidence that the unsaturated 
acid was formed in the present investigation where the conditions 
during hydrolysis were milder.
Reformatsky reaction usually gives poor yields of p-hydroxyester 
(see Newman,J.A.C.3.,19^2,62,870) due to the tendency of this 
ketone to undergo enolisation
In the present investigation, a-tetralone reacted with 
(-)-menthyl bromoacetate and zinc to give, after hydrolysis of 
the esters , 1-hydroxy-l,2,5^ »-tetrahydronaphthyl-l-acetic acid
p~( p-tolyl)butyric acid,[a3^ +1 .83° (_c,8ll in ethanol) as
an oil which slowly solidified as needles, m.p.66-68°. Rupe and
Wiederkehr (Helv. Chim. Acta. , 192^-?7?SSk) describe the racemic
1 o oacid having m.p. 73-7^ + > and a hydrate m.p. *^8 . They carried
The use of a-tetralone and its homologues in the
+ BrZnCH^CO^R
OZnBr
0
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2 *5 oin ^2% yield, as an oil having CoOp -2.64- (£ ,15 in ethanol).
During the working up of the reaction mixture following ' 
hydrolysis of the esters, a considerable amount of a-tetralone 
was identified by its odour; thus some enolisation had occurred, 
since during the Reformatsky reaction,the theoretical quantity 
of zinc had been consumed. An alternative explanation, that 
n reverse aldol condensation n had occurred during the alkaline 
hydrolysis seems unlikely, since the yield of P-hydroxy-acid, 
compares favourably with, the yield of P-hydroxy-ester 
obtained by previous workers (see, e.g. Newman,loc. cit.) using 
a-tetralone in the Reformatsky reaction. ( + )-l-Hydroxy-l,2 ,3A -  
tetrahydronaphthyl-l-acetic acid has previously been obtained 
as an oil, from a similar Reformatsky reaction using ethyl 
bromoacetate instead of (-)-menthyl bromoacetate (Schroeter,
Ber.,1923»5&B,713) although no yield was given.
It is of interest to compare the behaviour of p-tetralone 
in the Reformatsky reaction with that of a-tetralone. Dauben 
and Teranishi( J.Org. Chem. ,1951»l§.»350)have .carried out a 
Reformatsky reaction using ethyl bromoacetate, p-tetralone and 
zinc in benzene-toluene as solvent; a 51$ yield of prhydroxy- 
ester was obtained. In the present investigation, interaction 
of (-)-menthyl bromoacetate, p-tetralone and zinc in benzene 
gave, after hydrolysis of the ester, 2-hydroxy-1,2 ,3 1*i— t e tra- 
-hydronaphthyl-2-acetic acid (I) in 70% yield, as a pale yellow
-7^~
solid, m.p. 79-80°, having Ca3^ -1 .19° (c,8 .05 in ethanol). 
Dauben and Teranishi (loc. cit.) give m.p. 88-90° for the 
racemic acid.
BrZnCfl2C02C10H1g 1. Zn
+
OH
OH
In view of the much higher yield of p-hydroxyacid than that 
obtained by Dauben and Teranishi for the ester, it seems 
likely that little, if any, ?!reverse aldol condensation 
occurred during the alkaline hydrolysis of the p-hydroxyester.
In all the successful asymmetric syntheses during the 
Reformatsky reaction which are described earlier, the 
carbonyl compound also contains an aromatic nucleus. It was 
thus necessary to ascertain whether asymmetric synthesis was 
due to participation of the aromatic nucleus in the transition 
states. Thus the asymmetric synthesis of p-hydroxy-p-cyclo-
hexylpropionic acid was carried out. After hydrolysis of the
p-hydroxyester, the acid m.p'. 7^-75°> C<x]tP  -1.21° (£, 5«70 in
ethanol) was obtained in 69% yield, from the interaction of 
hexahydrobenzaldehyde and (-)-menthyl bromoacetate in the 
presence of zinc. This reaction ..shows that the presence of 
an aromatic nucleus is not necessary for the achievment of
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an asymmetric synthesis in the Reformatsky reaction. It was 
shewn earlier that little, if any, 11 reverse aldol condensation'1 
occurs during the alkaline hydrolysis of (-)-menthyl p-hydroxy- 
(3-phenylpropionate, and thus it seems probable that little 
decomposition of this nature occurs with (-)-menthyl j3-hydroxy- 
p-cyclohexylpropionate, since Blicke and Cox (J. Org. Chem.,
1957,22,17^-1) have shewn-that cyclohexyl substituted j3~hydroxy- 
acids and esters are cleaved much less readily than the 
corresponding phenyl analogues.
. Matell (Arkiv. Kemi. ,19^9 *15^3.5) has described the 
resolution of a<xf-dimethyl-p-hydroxy-p-phenylpropionic acid 
with morphine and a-phenylethylamine; thus the partial 
asymmetric synthesis of this acid was attempted by the inter­
action of (-)-menthyl oc-bromo-iso-butyrate and benzaldehyde 
in a Reformatsky reaction. However, after hydrolysis of the 
esters with aqueous alcoholic potassium hydroxide under the 
usual conditions, only a small amount of resinous material 
was obtained. It seems probable that the p-hydroxyester was. 
formed from the reactants (the theoretical quantity of zinc 
being consumed) since Hauser and Breslow (J.A.C.S. ,19^-0,62,593) 
have prepared ethyl acc'-dimethyl j3-hydroxy-{3-phenylpropionate
from the corresponding reactants. However, these authors
?!
confirmed.the earlier observation by Muller, Gawlick and 
Kreutzmann (Ann.,193^*515*97) that hydrolysis of this ester
- 7 6 -
with alcoholic sodium ethoxide gave complete decomposition to 
iso-butyric acid, benzoic acid and benzyl alcohol ( the latter 
two compounds presumably being formed by the Cannizzaro reaction 
on benzaldehyde).
. PhCHO + BrZnCMeoC0oEt  -- ^ PhCH(0H)CMe^C0oEtd d d d
PhCH^OH + PhCO^H --- PhCHO + CHMe2C02Et
The failure to obtain the p-hydroxyacid in the present 
investigation was probably due to a similar decomposition 
during the aqueous alkaline hydrolysis.
VIII*
THE MECHANISM OF THE REFORMATS ICY REACTION.
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MECHANXSM OF THE REFORMATSKY REACTION.
Reformatsky(J. Prakt.Chem. ,1896,5^ +,4-69) postulated that 
the reaction between an a-bromoester and a ketone in the presence 
of zinc proceeded by a two stage mechanism in which the a-bromo- 
ester forms,with the zinc, a primary intermediate (I),which in 
turn reacts with an aldehyde or ketone to form a secondary inter­
mediate (II), which can be readily hydrolysed to the p-hydroxy- 
ester (III).
R"Bn,CO + BrZnCR CO R* RSJR!J f C(OZn*rOr!R nn R' (n)
Experimental confirmation of this two stage mechanism was given 
by Dain (J.Russ. Phys. Chem. Soc.,1896,28,5^3) who isolated a 
yellow solid from the interaction of zinc and ethyl a-bromo- 
iso-butyrate which had a bromine content in fair agreement with
q-bromo-iso-valerate. Some secondary intermediates were also 
analysed by Dain; from a mixture of zinc, benzaldehyde and ethyl 
a-bromopropionate, a yellow solid was obtained, which, had a 
bromine content in agreement with PhCH(OZnBr)CHMeC02Et, and which 
on hydrolysis with dilute acid gave the corresponding (3-hydroxy- 
ester in--'quantitative yield.
BrCILC0oR 2 2 + Zn BrZnCR2C02R
R?,R!I ’C(0E)CR2C02R» (III)
BrZnCMe^CO^Et. Similar results were obtained from zinc and ethyl
Whilst Dippy and Parkins (J.,1951*1570) successfully repeated 
Dain’s work on the preparation and analysis of some secondary 
intermediates, they found that the complexes, claimed as primary 
intermediates by Dain, were in fact 3-ketoester complexes of 
structure IV, since they isolated, from the interaction of ethyl 
a-bromopropionate and zinc in benzene solution, a solid, the analysis 
of which was in agreement with C^QH-^gO^Br^Zn^ (IV). Hydrolysis of 
this compound with dilute acid gave ethyl a-propionylpropionate (V), 
and so they represented the reactions as follows
Dippy ahd Parkins thus suggested that the primary intermediate 
has only a transitory exist,ance, reacting readily with another 
molecule of ester or with a reactive molecule such as a carbonyl 
compound. Whilst such a hypothesis was not unreasonable, it was 
incompatible with the suggestion made in the same paper, that the 
formation of halogen free or !,reducedH ester, which can often be 
isolated from a Reformatsky reaction after hydrolysis, resulted from 
the primary,. intermediate thus ° —
OSt
2BrCHMe.C02Et + 2Zn^~^  CEMe - C - CEMe.CO^t (IV)
CH.*CH2 .C0.CHMe.C02Et (V)
BrZnCH2C02R + H20  »  CH^CO^R
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Were the primary intermediate to have only a transitory existence, 
only small amounts of reduced ester would be ‘expected. Newman 
(J.A.C.S.,19^0,62,870) has shewn that in Reformatsky reactions using 
hindered ketones this is by no means the case; for example, the 
interaction of 2-phenyl-l-tetralone, zinc and ethyl oc-bromcbutyrate 
and subsequent hydrolysis of the reaction mixture gave 1 3 % of ethyl 
butyrate. Furthermore, the fact that methyl acetate can be distilled 
from a mixture of acetomesitylene, zinc and methyl bromoacetate 
in benzene, as shewn by Newman (J.A.C.S. ,19^-2,6^ f,2131), suggests that 
the reduced ester may arise as a result of enolisation of the ketone 
as follows:—
^ C E  - CO - R BrZnCH2 
^
Whilst this mechanism may be correct in the cases described, it 
must be treated with reserve in view of a result obtained by Jones, 
O ’Sullivan and Whiting (J. ,19^9*1^-15) • These authors recovered 
considerable quantities of benzaldehyde and methyl crotonate from 
the interaction of benzaldehyde, zinc and methyl *y-bromocrotonate 
in benzene after subsequent treatment with dilute acid. In this 
case enolisation cannot be the explanation and they suggest that 
' the primary intermediate can be supposed to react in accordance 
with any of the three major resonance structures of the correspond- 
-ing anion, viz.,
M
(i) *:CH2- CHsCH.CO^Me (ii) CH^CH.CH.CO^e (iii) CH2=CH.CH=C-0Me
0-
CO Me .*0
R R
ZnBr + CH,C0-R 
3 2
-8o-
( i )
PhCHO
( i i )
PhCHO
( i i i )
vi'
PhCH—CH .CH=CH.CO Me 
, H
0-
V
PhCHO
£
CHq=CH o CH.CO^Me 
PhCHO~
CH =CH.CH=C—OMe d
PhCH-0
I.
0
* H2°
CH7CH=CH.C0oMe + PhCHO 
3 2
the final one (iii) leading to the reduced ester as shown.
It has since been shewn by Siegel and Kecksis (Monatsh, 1953?8k,910) 
that the primary intermediates are indeed relatively stable, at least 
at moderate temperatures and in ethereal solution. Interaction of 
ethyl bromoacetate with an activated sine in boiling ether gave an 
optimum yield of the primary intermediate after minutes. The 
presence of the intermediate was- demonstrated by treating the 
reaction mixture with various .ketones and isolating the expected 
j3-hydroxyesters.
Structure of the Primary Intermediate.
The primary intermediate in the Reformatsky reaction is 
generally considered to have structure A ,
OR
XZnCH2C02R (A) c h _= e r f (B)
OZnX
although some workers have favoured the enolate form B for
■anaigous magnesium compounds (e.g., Hauser and balker, J.A.C.S.,D ~n
19^7,6 9,295)• However, various authors have suggested that the 
intermediate is ionised in solution; by analogy with the ionisation 
of Grignard reagents, Schuetz and Houff (J.A.C.S.,1955?77»l836,l839)
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proposed the following equilibrium;~
BrZnCH2C02Et  ----^ BrZn+ + {CH^GO^t
Evidence supporting such an ionisation arises from the use of 
Y-bromocrotonates in the Reformatsky reaction, where the condensation 
often occurs xn the alpha as well as the gamma position (see,e.g., 
Dreiding and Pratt,J.A.C.S.,1953>75,3717)•
R'R"CO + BrCHo.CH=CH.C0oR ~ - ~ 4 ^ - ~ R » R ‘»C0H)CIL, .CH=CH.C0oR2 2 xi • EUO 2 2
OR
R'R»!C(OH)CH~CH=CH
i
c°2e
These results can be explained in terms of the equilibrium
BrZnCEU.CH~CH.C0oR . — — ^  BrZn+ + ;CH^-CH=CH.CO^R
2 2  *   2 2
CH2=CH-CH.C0 R
There is little evidence, however, regarding the precise 
structure of the Reformatsky intermediate. It appears probable that 
the two forms A and B above, are tautomeric; Kharasch and Reinmuth 
(Grignard Reactions of Non-metallic Substances,195^, p.19*0 have 
pointed out that the keto and enol forms of the halomagnesium derive 
-atives of a-haloketones, which might be considered analogous, are 
probably interconvertible, having resonant anions.
- o"
i +
0
— n • •
R~ C =
t
c - R?l MgX < > R - C ~ C -- R"
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Mechanism of Addition of the Primary Intermediate 
to the Carbonyl Group.
Bohlmann (Chem. Ber.,1957,90,1512,1519) considered that the 
keto-form (A) of the primary intermediate is the reactive species. 
BrZnCH2C02R (A)
The normal and abnormal additions of the Y-bromocrotonates to 
ketones were considered to take place by the following mechanisms. 
••
• 0   -ZnBr „ ZnBr
s '  .. x  \
H - C — ~--CHpCH=CH.CO?R' :0> ( CH
i c. it n J (
3 B - C, -CH
E f
c°2e
However, an enolie form of intermediate was favoured by 
Zimmerman and Traxler (J.A.C.S* ,-1957» 79»1920) for the Ivanov 
reaction (II), in which the interaction of benzaldehyde and the 
Ivanov reagent (I) from phenylacetic acid gave predominantly 
the threo product.
-OMgBr
PhCSHUOpH + 2 i-PrMgBr —  >  PhCH=rC.T (I)
^ ‘ ^ “OMgBr
PhCHO
* \f/*
PhCH - CHPh.CO MgBr (II)
i e~
OMgBr
A cyclic transition state was postulated, that leading to the
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threo product (III) would be favoured, since in the other 
leading to the erythro (IV), phenyl-phenyl group interaction 
would occur.
Ph H
\
H
o11o
S7 ' \
t/ .
|
Mg
I
1 10
C = 0
Br
III
Hv i II
\  « / \
Mo*
0 IV
/
Phv ' OMgBr PhV ^'"OMgBr
c. = c c = c
<?■ \  N
In the absence of physical and further chemical evidence, no 
definite conclusions can be drawn regarding the mechanism of 
addition to the carbonyl group in the Reformatsky reaction. Since 
the reaction is essentially the addition of a metallo ester to a 
carbonyl group, it has characteristics in common with the Claisen 
Acylation reaction (.V),
RCQ2Et +. MCH2C02Et  --~~* RCOCHgCC^Et ' (V)
and thus some evidence of the mechanism of the Reformatsky reaction 
may be gained by analogy with this reaction. Hence, it is necessary 
to review-the reagents used in bringing about Reformatsky and 
Claisen type reactions in order to justify such an analogy.
Hauser and Puterbaugh (J.A.C .S . ,1953»75> 1068,^*756) have shewn 
that Reformatsky type reactions, which have been termed nalclol 
condensations” by Hauser, represented by the general equation,
R»R”C0 + MCH2C02R --- R»R”(0M)CH2C02R(VI)
can be carried out, not only when the metallo group (M) is sinco-
-8*f-
halide but also when it is sodium or lithium. However, the nature
of the metal group (M) was found to be important in determining
the stability of the "aldol" product (I). When sodio esters were used
the product (I) was found to undergo reverse condensation in
refluxing ether,the reactants then undergoing metal-hydrogen
exchange, followed in certain cases, by condensation to give a
{3-diketone (II) or self condensation of the ketone (III).
CH.,
e.g. 1
Ph.CO.CH^ + Na[CH2C02R]  -- ^ Ph - C - CH2C02R
ONa
Claisen
[Ph-.CO.CH.jNa + CH,C0oR  -- ^ Ph.C0.CH„ .C0.CH-, + RONa■ 2 3 Acylation 2 3
^Ph.CO.CH^ i.Metal-Hydrogen
CH Exchange CH
1 ^ ii. Dehydration 1
Ph — C — CHp.CO.Ph  --------- -------— ^ Ph - C - CH.CO.Ph
I c~
ONa
The corresponding lithio derivatives were shewn to be stable in 
refluxing diethyl ether, but underwent ’’reverse aldol” condensation 
at higher temperatures, e.g. in boiling dibutyl ether. Even the 
zinco- bromides were found to undergo "reverse aldol condensation" 
followed by Claisen Acylation, but only after 30 hours in boiling 
benzene-toluene• The great difference in stability of the metallo 
(3-hydroxyesters (I) was ascribed to the smaller degree of covalendy 
of the O-Na bond compared with that for the O-Li or 0-ZnX bonds. 
Greater electron freedom for the metal atom (M) would then favour
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the reverse reaction according to the scheme 
CH_ CH,
• 2 » 3 +
Ph- C - CH2C02R ---- — *  Ph - C + :CH2C02R + M
:0 — M 1 0
# •
More recently, Cason and Fessenden (J. Org. Chem. 1957»22 >1326) 
have shewn that organocadmium derivatives are also capable of 
promoting Reformatsky type condensations. The interaction of di- 
n-propyl cadmium and ethyl q-bromo-iso-butyrate gave an intermediate 
(II) which condensed with various ketones to give, after hydrolysis 
with dilute acid, {3-hydroxyesters•
°Et
ErCMe2C02Et + n-H^Cd ---- -> Me.,- II (H=pr)
H 0+ R'R»CO
R ’R,,C(OH)CMe„CO Et <-— ~— - R JR!,C(OCdR) .CMeoC0_EtcLcL d. c.
These authors considered that the undissociated intermediate (II)
rather than the anion participated in these reactions.
Thus the success of these Reformatsky type condensations does 
not depend upon the nature of the metal-ester bond, since the sodio 
derivatives are probably ionic in nature, whereas the corresponding 
ainco-halides and cadraium-alkyl derivatives have.little ionic 
character. The analogy between the Reformatsky reaction and 
Claisen acylation reaction thus appears reasonable, since each 
reaction involves the addition of a metalloester to a carbonyl 
group.
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R - CO Y + MC0H2C02H-]
OM
t V
R - C - CH^CO^1
R — CO CELCO-R* 2 2
Claisen Acylation. 
[M=Na,etc., Ys alkoxy ]
CH2C0 R»
Reformatsky nAldolM 
Condensation. 
[M=ZnX,etc.,
1= alkyl, aryl etc. ]
Although Claisen Acylations are usually carried out using the 
sodio derivatives of esters* other metallo derivatives have been 
used, thus emphasizing the analogy between the two reactions. Indeed, 
Zeltner (Ber.,1908,kli592) has shewn that the bromomagnesium 
derivative of ethyl q-bromo-iso-butyrate (I) condenses with 
another molecule of ethyl q-bromo-isp-butyrate in the presence of 
magnesium, to give, after hydrolysis with dilute acid, ethyl iso- 
butyryl-iso-butyrate (II)
BrMgCMe2C02Et
I
BrCMeoC0 EtC. C. i BrCMe2.C0.CMe2.C0 Et
CHMeo.C0.CMe,.C0oEt 2 2
H-0
3
Ms:
BrMgCMe . CO. CM©2.CO^t
Similarly, Cason and Fessenden (J. Org. Chem.,1937i22,1326) 
have shown that alkyl cadmium derivatives of esters react with 
unchanged bromoester to give Y- bromo~i3~ketoesters, which are 
subsequently dehalogenated by the reagent.
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yOEt
R2Cd + BrCMe2C02lt  >  CMe2 =
OCdR
„ p , BrCMe„CO EtR0Cd 2 22 V
CHMe '. CO. CMe . CO Et <-------- — --  BrCMe . CO. CMe -CO Et
ii. H.,0+
p (R= n-Pr)
The formation of j3~ketoester or its Y -bromo derivative
often occurs as a side reaction during the Reformatsky reaction,
although by using a large excess of the ketone such a reaction
can be suppressed (see e.g., Hussey and Newman, J.A.C.S.,19^8,70»
302*0 *
Thus both in the case of the Reformatsky and the Claisen
Acylation reactions, the sodio, lithio, halo-magnesium, zinc-halo,
and alkyl-cadmium derivatives of esters can be used to bring about 
addition to the carbonyl group. It seems probable, therefore, that
the mechanism of reaction will be the same for a given metallo ester
in both these two reactions. For the sodio derivatives of esters
in the Claisen Acylation reaction, Hauser and Renfrew (J.A.C.S.,
1937»39»l823)'proposed a series of ionic equilibria. The sodio
derivative of the ester was considered to react with the potentially
positive carbon atom of the carbonyl group. This reaction, known
to be reversible,then goes to completion owing to the further
reaction leading to {3-ketoester (ion).
0 0"
!t ■ ■ „ . *
.+CH„— C +....[ ;CHJ30„Et] Na ------- * CH*- C - CH_,C0oEt Nap 2 2 \ J , 2 2
OEt OEt
A
V
Na+LCH^.C0.CH.C0^Et]“ * —  CH^.CO.CH^.CO^Et + NaOEt
3 R — — 7  3 2 2
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.Since Johnson (Gilman/’Organic Chemistry”,19^3,1867,1882) 
has suggested that many organo-metallic reactions Involving 
carbonyl addition are preceeded by co-ordination between the metal 
atom and the oxygen atom, Hauser (J.A.C.S.,1938,60,1957) considered 
the following scheme for the Claisen Acylation reaction using 
sodio derivatives.
R ~ C = O'*
o -  c ~ c = o    -  c -  c o+ MX
M R C ■— 0 — M R ~ C = 0
( M=Na )X
From the known ionic properties of many sodio derivatives,
Hauser considered the ionic process to be more likely; even 
thosemetallo derivatives that were not ionic were regarded as 
possessing potential ions.
However,it seems unlikely that the mechanism of addition 
of all metallo esters of the series
M[CH2C02R] M= Na, Li, MgX, ZnX, CdR
\ 1 
to ketones or to esters follows an identical course. Indeed, under
similar conditions, the products obtained using one metallo ester
have been shown to differ from those for another in some cases.\
For example,it has been mentioned earlier, that the bromomagnesium 
derivative of e-thyl iso-butyrate reacts with ethyl a-bromo-iso- 
butyrate to give, after treatment with dilute acid, ethyl iso- 
butyryl-iso-butyrate (I).
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BrMgCMe~.CO Et + BrCMeoC0^Et -----> CHMe' .CO • CMe0.CO ~Et
£« ci* c  cz, £* j  cL cz
However, in a similar reaction using the sodio derivative of ethyl 
iso-butyrate, Hudson and Hauser (J.A.C.S. ,19^1»6j5,3156) isolated 
ethyl tetramethylsuccinate•
Na[CMe CO^Et] + BrCMe^.CO_Et  > ^he2#C°2Et
c. c. c. c
CMe2 .C02Et
This latter reaction probably follows the course of nucleophilic 
substitution as follows
0, -OEt 0V „0Et
N\ /  ^  /
C Me Me C Me Me
I
Na+ C" C - Br — ----— ^ .....C"..... C+...... Br~ Na+
i/  \ . '5~   /  \
Me Me *lie Me Me c
0V  X 0Et 0/ OEt
0. OEt 
/
C Me Me
' \  /
C-------- C + NaBr
/ \
Me Me C
7/ \0 OEt
Had the reactive intermediate in the case with the bromo- 
magnesium derivative been the same, that is, a carbanion, the 
same products would have been expected. Thus it appears probable 
that the mechanism of addition to the carbonyl group is not the 
same f o r  the different metallo derivatives of the esters. This
- 9 0 -
variation could be due to the greater tendency of the sodio and 
lithio derivatives to ionise as compared with the Group II metallo 
derivatives, and moreover to the ability of these latter compounds 
to co-ordinate with the carbonyl group.
An explanation based upon differences in extent of ionisation 
has been proposed by Bharuch, Cohen and Wright (J. Org. Chem.,199^» 
19,1097) to account for the formation of optically active products 
by carbonation of the Grignard reagent of 6-chloro-2,2,6-trimethyl- 
cyclo-rhexanone in (+)-2,3-dimethoxybutane, whereas the corresponding 
lithium derivative gave optically inactive products.
Li
Cl
Grignard Reagent
( + )
Optically Active
However, it is possible that the difference in the products 
obtained by these two carbonations may be due to mechanistic 
difference rather than to the extent of ionisation. It has been 
shewn by Swain and his co-workers (J 0A.C.S.,1990,72>9l8; 1991>73>870) 
that the addition of Grignard reagents to ketones proceeds by a 
different mechanism to that for the addition of alkyl lithium, 
reagents#
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The latter reaction takes place according to the scheme : —
R f . R' R«
» — » i
R - C + R?Li  Li - 0 - C - R  — ^ Li - 0 - C - R
M | I
0 R!? R!'
whereas the mechanism for the former reaction is as follows :—
R ’ R R' R R» R
1 N\  I k -s \  * 1
R,j~ C Mg— X — >  C+ ^  Mg- X  > R»- C -R + Mg
i i r
O R  0 | R O X
/  \ _ y  \
Mg Mg ' MgX
1 i
X X
Conclusions.
It has been shewn that the initial reaction stage in both the 
Reformatsky reaction and the Claisen Acylation reaction is of the 
same type.
Y
»
R'«- CO - Y + M[CHoC0oR] ----- ^ R» - C - CH.CCkR2 2 f 2 2
Since in many cases a variety of metallo derivatives §S? esters may
be used to form the same products from a given pair of reactants,
it appears that the extent of ionisation of the metal-ester bond
does not effect the overall reaction. The use of sodio or lithio
derivatives of esters to effect the Reformatsky type reactions is
only satisfactory when the ester-alcohol is tertiary, otherwise
the product is predominately that obtained from Claisen acylation
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Both the Claisen Acylation reaction and the Reformatsky reactions 
appear to be reversible under certain conditions, although from the 
synthetic point of view this is unlikely to prove troublesome,
this. The nature of the metal- oxygen bond in the p-alkoxyester (I) 
is important in determining the stability of the product, increased 
ionisation of the metal atom (M) facilitating the reverse reaction.
For the sodio anil lithio -esters in both the Reformatsky and 
Claisen Acylation reactions, tlie mechanism probably involves nucleo- 
philic attack by the carbanion (II) on the carbonyl group.
With the halomagnesium, halozinc and alkyl-cadmium reagents, the 
probable first step is co-ordination between the metal atom and the 
carbonyl oxygen atom. There is ,however, no conclusive evidence as to 
whether the primary intermediate in these reactions, reacts in the 
keto (A) or enol form (B).
since suitable choice of metallo ester in the-latter case can avoid
:CH2C02R (II)
BrZnCH2C02R (A)
.OR 
CHp= C H ^
OZnBr
(B)
It has been suggested that reaction in the enol form (B)
would proceed by the following transition state
0 — * ZnBr
(III.)
Y
For the reaction of the primary intermediate in the keto
form, two alternative mechanisms, analogous to those proposed by 
Swain for the addition of alkyl lithium or Grignard reagents to 
ketones, seem possible.
Admittedly Swain has shown that the addition of Grignard reagents 
to a carbonyl group is analogous to (III), but the difference in 
mechanism between the Reformatsky as3& Grignard reactions could 
arise as a result of the C~Zn bond being weaker when the ester 
group is present; thus the reaction become more analogous to the 
reaction of lithio derivatives which react with ketones according 
to the scheme:—
Y P. »
CO R 
•
R
ZnBr
0
: (IV) (V)
Br
IX.
CORRELATION OF RESULTS.
-9;+~
CORRELATION OF RESULTS.
It has been shewn that when asymmetric synthesis occurs 
during the Reformatsky reaction, the zinc surface is not the 
site of the reaction as was suggested by Arcus and Smyth (J.,
The failure of catalytic amounts of iodine or c^baltous 
chloride to have a marked effect upon either the degree of 
asymmetric synthesis, or the yield of -(3-hydroxyester, is 
compatible with the idea that the addition of the primary 
intermediate to the ketone or aldehyde is not a radical reaction. 
This is not unexpected, since it is generally accepted that 
analogous reactions, e.g. the Grignard addition to ketones, are 
polar in nature.
Swain and Boyles (J.A.C.S.,1951»73?870) have shewn that 
addition of Grignard reagents to carbonyl groups is preceeded 
by co-ordination which facilitates polarisation of the carbonyl 
double bond so that a second molecule of the reagent attacks 
the potential carbonium ion formed. Thus the addition of 
magnesium bromide,a stronger Lewis acid than the Grignard 
reagent, was found to increase the proportion of addition 
over reduction, in reactions where much reduction (I) occured 
in the absence of halide.
1955,3*0
H AS CH0 H
^  C * Mg-Br
C
+ 11
N  OMgBr CH2
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The halide was considered to take the role of co-ordinating 
agent (II), ard thus reduction, according to the mehfeme. 
above (I) would tend to be suppressed.
Br
t
Mg
*3 ?
.+ - 1 --~ ^ \ C + MgBr2
0
'jZ Mg-Br ^  x.X q OMgBr
II
In the present investigation, however, the addition of 
magnesium or zinc bromides to the Reformatsky reaction mixture 
has been shewn to lower the yield of |3-hydroxyester (as shewn 
by hydrolysis to the acid); thus it appears unlikely that the 
Reformatsky reaction occurs by a similar mechanism involving 
initial co-ordination followed by subsequent attack by the 
organometallic molecule.
e.g. *
C02R
CH. J h2
C x — X  zn «, Br ^ C + ZnBr2
0 / Br
Mg 
!
0MSBr ( *= t - X o X
etc.)
Br
It seems probable, therefore that the mechanism of the 
Reformatsky reaction involves the intramolecular rearrangement
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of a co-ordination complex, i*e. a mechanism similar to that 
proposed by Bohlmann (Chem. Ber.,1957,90,1512,1519) (A), or 
one analogous to that proposed by Zimmerman and Traxler 
(J.A.C,S.,1957,79>1920) for the Ivanov reaction (B).
„ R!f ' O R
0 = O'* CH0«r
! : > 3 E '  : 2 ^ 0
•i : R ’ . .  : } ( b )
..Zn - CHp (A) 'C = O ^ Z n
Br \  ^ B r
c o2r
As was mentioned in the previous section (p.8l ), there 
is at present no evidence as to which of the two possible forms 
of primary intermediate (C) or (D) is the reactive species, or
whether both participate in reactions with the ketone.
* ^OR
BrZnCHpCOpR (C) CHp = (D)
^ O Z n B r
However, if C were the reactive form, and the mechanism
proceeded as indicated in A, the two groups attached to the
carbonyl group(r * and R”) would be oriented towards the
*
optically active ester group (CO^R) ; this, mechanism would 
appear to account for the occurrence of asymmetric synthesis 
in the Reformatsky reaction more satisfactorily than does B 
in which the two groups are oriented away from the optically 
active centre. This is assuming , of course, that asymmetric 
synthesis arises mainly as a result of steric interference 
rather than as a result of differences in the energies of the 
two transition states which lead to the formation of the
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diastereoisomeric metallo (3-hydroxyesters. In the light of 
other recent investigations on asymmetric synthesis arising 
from additions of organometallic compounds, this assumption 
would appear to be justified ( see e.g. Cram, J.A.C.S.,1952? 
7^5828; Prelog, Helv. Chim. Acta. ,1953>36?308).
Thus the following discussion will be based upon the 
assumption that the Reformatsky reagent reacts as in C. It 
should also be mentioned that in the formulae, no co-ordin­
ation between the metal atom and, for example, ether is 
shewn, although it is probable that this occurs.
It has been shewn that the nature of the metal ion has 
a marked influence upon the degree of asymmetric synthesis, 
cadmium reagents increasing the degree of asymmetric synthesis 
as compared with zinc reagents. This increase might be due to 
the difference in tetrahedral covalent radii of the two 
metal atoms ( Zn=l#31A°, Cd=l.A-8A°).
The degree of asymmetric synthesis also depends upon the 
nature of the groups attached to the metal atom. Although the 
use of zinco-iodoesters in place of zinco-bromcesters appears 
to have no effect, replacement of the halogen atom by the 
bulkier normal propyl group leads to a considerable increase 
in degree of asymmetric synthesis. It would appear that in 
the introduction of the larger group, additional steric inter­
ference occurs, and a greater degree of asymmetric synthesis 
results. Many conformations of the metallo acetate are possible
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and also of the transition state. However, it is most likely 
that steric interference between the groups attached to the 
carbonyl group, and, the optically active alcohol group, is 
most marked in just a few. of them. Reaction arising through 
these conformations will lead to asymmetric synthesis, the 
isomer which can arise through least steric interference 
preponderating. When the more bulky propyl group is ctttached 
to the metal atom, it is likely that steric interference will 
prohibit reaction occurring through certain conformations 
which have previously been possible, or that in these 
conformations which have previously led to asymmetric synthesis, 
the more bulky propyl group further hinders the formation of 
the more sterically hindered product.
The degree of asymmetric synthesis of (3-hydroxy- 
p-phenylpropionic acid is not changed by the use of either 
(-)-bornyl or (-)-a-fenchyl bromoacetates in place of (-)- 
menthyl bromoacetate. However, under similar conditions, the 
degree of asymmetric synthesis of (3-hydroxy-p-phenylbutyric 
acid, using these three bromoesters is l*f, 7 and 30% 
respectively. Thus the difference in bulk of the hydrogen 
atom of benzaldehyde and the methyl group of acetophenone has
a. marked effect on the degree of asymmetric synthesis,: In view 
of the large number of possible conformations, it has not been 
possible to correlate these effects of change of structure 
with the degree of asymmetric synthesis attained.
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It has been shewn that the (+)~2~butyl, and the (+)-
and (-)-2-octyl bromoacetates fail to lead to a substantial
degree of asymmetric synthesis in the Reformatsky reaction.
*
In these bromoesters, the asymmetric carbon atom (C) is 
attached directly to two methylene groups;
* CH ~ R»
o -  6
H
CH2- h
( R* = CH., , n-OcH_n) 
3 - 5 11
for a minimum amount of steric congestion, the remaining
groups ( R* and H ) will probably be directed away from the
asymmetric centre a will interfere but little with the
♦
carbonyl compound. The optically active group ( C ) will 
then behave as if it v\rere symmetrical. Prelog and his 
co-workers ( Helv. Chim. Acta., 1953 »3§,j 325) have proposed 
a similar explanation to account for the much lower degree 
of asymmetric synthesis observed in the atrolactic acid 
formed by the interaction of methyl magnesium iodide with 
3|3-cholestanyl benzoylformate*I,than by a similar reaction 
using 7P-cholestanyl benzoylformate(Il), where the hydroxyl 
bearing carbon atom is attached to markedly differing 
groups which are incapable of movement to a less sterically 
congested conformation.
* MeMgl
Ph- CO - C02R Ph
Me
t
C •
i
C02r
Me
»
Ph - C
f
C02H
OH OH
*
OR
Me MeII
0
HH
0
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The very low degree of asymmetric synthesis obtained 
from Beformatsky reactions using (-)-menthyl bromoacetate 
and the normal aliphatic aldehydes can be explained similarly. 
The chain ( R, below), will probably be directed away from the 
bulky (-)-menthyl group, such that only the a-methylene group 
is oriented towards the (-)-menthyl group.
j, ; ^ CH2",r (5 = (-)-c10h19 ).
_ --Zn - CH - C0oR Br . 2  2
It was possible, however, that the failure to achieve 
a marked asymmetric synthesis in these cases was due to the 
absence of an aromatic nucleus in these aldehydes. Cram and 
Knight (J.A.C.S.,1952,7i»5839) have shewn that the aromatic 
nucleus controls the steric course of the acetolysis of 
l-methyl-2-jchenylpropyl toluene-p-sulphonate by participation 
in the transition state. However, the presence of an aromatic 
nucleus in the carbonyl compound is not a prerequisite to 
asymmetric synthesis in the Reformatsky reaction, since it has 
now been shewn that interaction of hexahydrobenzaldehyde and 
(-)-menthyl bromoacetate in a Reformatsky reaction gave, after
hydrolysis of the ester , p-cyclohexyl-ft-hydroxypropionic
25 o "acid having CoO-j-y -1.21 .
The absolute configuration of (+)-p-hydroxy-p-phenyl- 
propionic acid has been correlated with that of (+)-L-mandelic
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acid by Lukes, Blaha and Kovar (Chem. and Ind.,1958, 52?). It 
should be noted in passing that Ingold ( Structure and Mechanism 
in Organic Chemistry, 1953,p.386) states that ( + )-|3-hydroxy- 
p-phenylpropionic acid belongs to the opposite series, but no 
reference to the origonal work is given. It appears probable 
that the discrepancy arises from confusion over the use of 
d and D in earlier literature (see Lukes et al, loc. cit.).
The absolute configurations of the p-hydroxy-n-alkanoic 
acids ( RCHCOIiOCH^CO^H ) have also been determined by various 
workers; the (-)-acids were shown to belong to the D series 
(see Serck-Hannsen, Arkiv. Kemi.,1956,10,135).
In the Reformatsky reactions using either benzaldehyde 
or the normal aliphatic aldehydes with (-)-menthyl bromoacetate, 
the predominating isomer of the p-hydroxyacid obtained, by 
hydrolysis of the esters, had in all cases the D configuration. 
It was of interest,therefore, to ascertain whether the p-hydroxy' 
acid obtained from Reformatsky reactions using acetophenone and 
(-)-menthyl bromoacetate also had this configuration. Since the 
absolute configuration of this acid is unknown, a preliminary 
attempt was made to convert'atrolactic acid(of known 
configuration)into p-hydroxy-p-phenylbutyric acid by the 
following series of changes s—
Ph
Ph
Ph
Hcwever , conversion of l“hydroxy~2-methoxy-2-phenylpropane 
(IV).into the corresponding halide (?) with thionyl chloride 
gave only tarry products* Further experiments are to be carried 
out with a view to the elucidation of the configuration of 
|3~hydroxy-|3-phenylbutyric acid (VIII).
In the present investigation, the three optically active 
bromoacetic acid esters which led to the most conclusive 
partial asymmetric syntheses were those of (-)-menthol,(-)-borneol 
and (-)-a-fenchyl alcohol. The absolute configurations of these 
three alcohols are known (1,11 and III respectively) (see Birch, 
Ann. Reports ,1950 191)
T  CH2N2 Mel/Ag20
C - C02H ------ » Ph — C — C02Me -----— > Ph - C - CC>2Me
OH 1 OH 11 OMe 111
LiAlH^
Me Me Me
♦ KCN » S0C1 »
C, - CHpCN«------ Ph - c - CE Cl <— Ph - C - CHp0H
t ^ t » c-
OMe VI OMe V OMe IV
, NaOH
Me * Me
' MeI/Ago0 '
C - CHoC0oH --- — - Ph — C - CHoC0oHI cL d- 1 cL c.
OMe VII OH VIII
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Considering the size of the groups attached to the alcohol 
bearing carbon atom, it will be seen that the relationship is 
the same in the case of (-)-menthol and (-)-borneol.
HO - C^=C3R5 E3<E,/R5
H3
In the case of (-)-a-fenchyl alcohol, the position is not so 
clear since it is doubtful which group might be considered as 
the larger. Furthermore, since the p-hydroxyacids obtained 
from the (-)-menthyl and (-)-bornyl esters had opposite 
configurations, until the range of esters, and p-hydroxyacids, 
has been extended it will not be possible to obtain a direct 
relationship, on these grounds, between the configuration of 
the ester-alcohol, and the configuration of the resulting 
p-hydroxyacid, even if one exists. It is of interest that 
Prelog (Helv, Chim. Acta.,1953*36*308) has correlated the
direction of asymmetric synthesis and the configuration of
*
the optically active alcohol(ROE) in the McKenzie type of
asymmetric synthesis. ■'
» •
ROH ----» Ph.CO.CO^ ------ * Ph -*C - CC>2R ---  > Ph - C-C02H
OH OH
In this .case, (-)-menthyl and (-)-bornyl benzoylformates 
gave atrolactic acid possessing the same configuration.
EXPERIMENTAL.
I. Preparation of Intermediates*
I.(±) Preparation of the (-)~Menthyl Haloacetates.
(a) Bromoacetyl Bromide.
Bromine (I50g., 1.9 mole) was added dropwise to a mixture of 
dry acetic acid (30g., 0.5 mole) and red phosphorus (5g»j 0 .15 mole) 
at room temperature. When the initial reaction had subsided, 
the mixture was heated under reflux until evolution of hydrogen 
bromide had ceased (2 hours). Fractional distillation of the 
reaction mixture gave bromoacetyl bromide, b.p. 1^8-150° (65g«,65%)
(b) (-)-Menthyl Bromoacetate.
(-)-Menthol (50g., 0*33 mole) was added! in portions to bromoacetyl
bromide (73g*» 0.33 mole) at room temperature with shaking. When
the initial reaction had subsided, the mixture was kept at 100°
for one hour and then for three hours at room temperature. An
ethereal solution of the reaction mixture was washed with 10% -
sodium carbonate (3 x 10 ml.) and dried (Na^SO^). Fractional
distillation of the solution gave (-)-menthyl bromoacetate,
b.p. 7V V 0 .0 5 m .m ., n^5 1.4790, a*5 - 74.85° (J., 1), (92.4g.,
93%) as an oil which slowly solidified at room temperature;
the solid had m.p. 19#5-20°. The observed rotation - 7^*85°
(1, 1), was unchanged after fractional redistillation.
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(c) (-)-Menthyl Chloracetate.
Interaction of (-)-menthol (27»7g*» 0.18 mole) and chloroacetyl
chloride (20.3g., 0 .18 mole) under conditions similar to those
used for the preparation of (-)-menthyl bromoacetate gave the
crude chloroacetate (A-1.8g.) having m.p. 3&-37°» After
recrystallisation from 9 6% - ethanol (50 ml.), (-)-menthyl
o 25chloroacetate was obtained as needles m.p. 3 8 .5 - 39*5 »
- 80.0° + 0.3° (£, I .63 in chloroform), (37g*» 89%)*
(d) (-)-Menthyl Iodoacetate.
A solution of (-)-menthyl chloroacetate (lOg., 0.0A- mole) and
potassium iodide (lOg., 0.06 mole) in methanol (30 ml.) was
heated under reflux for three hours. After keeping the reaction
mixture overnight, sulphur dioxide was bubbled through it to
destroy free iodine; it was then diluted with water (30 ml.) and
the aqueous layer was extracted with ether (3 x 25 ml.). The
combined ethereal extracts and the organic layer were dried (.^9.^0^)
and fractionally distilled, when (-)-menthyl iodoacetate,
b.p. 155-158°/10m.m. (12.9g** 93%) was obtained. Redistillation
of the ester, after it had been shaken with mercury to remove a
trace of free iodine, gave (-)-menthyl iodoacetate, b.p. 117-120//
0.9m.m ., n25 1.5043, 6 7.28° (1,1).
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I* (ii) Preparation of some Optically Active Esters of Bromoacetic Acid.
The general procedure for the preparation of these esters was
similar to that used for (-)-menthyl bromoacetate (p.lO^f). This
section records physical constants of the resulting esters of
bromoacetic acid together with any experimental details differing
from those previously mentioned.
(a) ( + )- and (-)-2-0ct.yI Bromoacetates.
(+)-2-0ctyl Hydrogen Phthalate.
A mixture of phthalic anhydride (l*f8g*., 1.0 mole), (+)-octan- 
-2-ol (131g., 1*0 mole) and pyridine (80 ml.) was heated at 100° 
for two hours. The reaction mixture was stirred with ice and 
concentrated hydrochloric acid (100 ml.) when the resulting ( + )- 
-2-octyl hydrogen phthalate slowly solidified, m.p. 5^.5-33°»
(2.6kg*, 93%).
Brucine Salt.
A solution of (+)-2-octyl hydrogen phthalate (26kg*) in hot
acetone (600 ml.) was mixed with brucine (37^g*» 1.0 mole) and
the mixture heated under reflux for 15 minutes. Filtration of
the cooled mixture gave a crop of brucine salt (A) and a filtrate (B).
(+)- and (-)-2-0ctyl Hydrogen Phthalates.
Decomposition of the brucine salt (A) with ice and concentrated 
hydrochloric acid (100 ml.) gave (+)-2-octyl hydrogen phthalate
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which after 3 crystallisations from 90% - acetic acid had m.p.
7if «. 73°, + ^6.9° (£, f^.9 in ethanol) (51g.)« After
evaporation to %z bulk, and treatment as described above, filtrate 
(B) gave (-)-2*-octyl hydrogen phthalate, m.p. 7^-75°?
[a]^ - 43.3° (c, ^.9 in ethanol) (35g.).
( + )- and (~)-«0ctan~2-ol.
(+)-2-0ctyl hydrogen phthalate (51g*) was dissolved in 23% - 
sodium hydroxide (100 ml.) and the resulting (+)-octan-2~ol 
distilled over in a current of steam. The steam distillate was 
saturated with potassium carbonate, and the (+)-octan-2-ol was 
separated and dried (K^CO^). The (+)-octan-2-ol, had b.p. 
76.5°/l3 m.m., n21 1 . ^ 9 ,  + 7.98° (1,1) (l8.1g.). In a
similar manner (-)-octyl hydrogen phthalate (55g.) gave (-)-octan 
-2-ol b.p. 76.5°/13 m.m. n^0 1.^25^, otjp - 7.72° (1,1) (20g.)
(+)- and (-)-2-0ctyl Bromoacetates.
( + )-0ctan-2-*ol (l8.1g., O.l^ f mole) and bromoacetyl bromide 
(29*5g«» 0*13 mole) gave (+)-2-octyl bromoacetate, b.p. 91°/1 .3  
m.m., n25 1.4-515, ^  + 13.05° (1, 1) (29.6g., 85%). Similarly,
(-)-octan-2-ol gave (-)-2-octyl bromoacetate b.p. 84-.5°/0.9 m.m., 
n2^ 1.4-515, a25 - 12.25°(1 ,1 ).
(b). Attempted preparation of ( + )- and (-»)-2-0ctyl Bromoacetates. 
(Pyridine as catalyst).
Bromoacetyl chloride (27«8g., 0.l8 mole) was added dropwise to
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(-)-octan-2-ol (21*8g., 0 .17 mole) in pyridine (l*f ml.) and 
the mixture shaken until homogeneous. After keeping overnight, 
the mixture was poured into 2N-hydrochloric acid (100ml.) and 
extracted with ether (3 x 10 ml.). The combined ether extracts 
were washed with 3% - sodium carbonate (2 x 20 ml.) and dried 
(Na2S0^). Distillation of the solution gave an ester (13*^g.) 
having b.p. 126-129°/17-l8 m.m., n^° 1.A400, <x^ 5- 9.22° (1,1). 
Similarly the interaction of (+)-octan-2-ol and bromoacetyl 
chloride in the presence of pyridine gave crude (+)-2-octyl 
chloroacetate b.p. 122-123°/l6 m.m., n^°l.4^ -22, cx^+ 10.02° £L,l). 
The Lassaigne sodium test shewed that the halogen present was 
mainly chlorine, only a trace of bromine being detected. The 
physical constants for (+)-octyl chloroacetate are b.p.
«£*•? + 8.6^° (1,1) (Rule and Mitchell J., 1926, 3202), thus
suggesting that the ester obtained in this experiment contained 
a large proportion of (+)- or (-)-2-octyl chloroacetate.
(c). (•*?«),-2*Batyr Bromoacet&te.
(•f)-2-Butyl Hydrogen Phthalate.
A mixture of phthalic anhydride (200g., 1.33 mole), (+)-butan- 
-2-ol (100g., 1.33 mole) and pyridine (30 ml.) was kept at 100° 
for Vfa hours. The cooled mixture was poured onto ice (100 g.) 
and concentrated hydrochloric acid (120 ml.); after keeping 
overnight crude (+)-2-butyl hydrogen phthalate (283g*» 9^%)
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was obtained#
Brucine Salt#
(+)-2-Butyl hydrogen phthalate (283 g.t0.#3 mole) was mixed 
with brucine (^ f86g., 1,3 mole) and the mixture heated in 
acetone (1250 ml#) boiling under reflux for a total time of 
2^ f hours. The salt obtained by filtration of the cooled 
mixture was recrystallised seven times from methanol, the last 
crop having m.p. 162*5-163.3°, - 3*1^° (c, k.Ol in
ethanol).
( + )-2°-Buiyl Hydrogen Phthalate.
Ice (200g.) and concentrated hydrochloric acid (100 ml.) wast 
added to a stirred suspension of the brucine salt (123 g#) in 
acetone (200 ml.). The mixture was extracted with ether (3 x 50ml.) 
and the oil obtained by evaporation of the solvent rapidly 
crystallised giving (+)-2-butyl hydrogen phthalate m.p.
-^5.5°, [a]^p+ 37*^° (c, ^.9 in ethanol), (35g*).
(+)-Butan-2-ol.
( + )-2-Butyl hydrogen phthalate (3%*) was dissolved in 30% - 
sodium hydroxide (50 ml.) and the resulting (+)-butan-2-ol, 
distilled over in a current of steam. The steam-distillate was 
saturated with potassium carbonate, and the (+)-butan-2-ol was 
separated and. dried (K^CO^). The ( + )-butan-2~ol had b.p. 98°, 
ajp + 9.90° (1,1), (9.9g. 87$).
- 1 1 0 -
(+)-2-Butyl Bromoacetate.
Interaction of (+)-butan~2-ol (9*9g., 0.13^ mole) and 
bromoacetyl bromide (32.3g», 0 .16 mole) followed byr distil­
lation of the product gave (+)-2-butyl bromoacetate' b.p. 7 2*5°/ 
Ik m.m., n^5 1 . ^ 6 5, djp 1.3250, a ^  + 26.27° (1,1) , (20.2 g., 
77%), (Found: C, 37.02; H, 5*67%. CgH^O^Br requires:’C, 36.93; 
H, 5.67%).
(d).(-)-Bornyl Bromoacetate,
Interaction of (-)-borneol (15*^ g., 0.10 mole) and bromoacetyl 
bromide (2^.3 g. , 0.12 mole) in chloroform (20 ml.) gave 
(-)-bornyl bromoacetate, b.p. 103.5%Q8mm.c , 1.^960, q^p-^fO.Vf0
(1,1), 30.2° (c 7.^6 in ethanol), (2 5 .5 g., 93%).
(e). (-)-q-Fenchyl Bromoacetate.
Interaction of (-)-a-fenchol (8 .7^ g., 0.057 mole) and 
bromoacetyl bromide (12.3 g», 0 .06 mole) gave (-)-q-fenchyl 
bromoacetate b.p. 83°/0.2 m.m., njpl.^887, ajp~ 52.98° (1,1), 
d.^ 5 1.26^0, (13.3 g., 85%), (Found: C, 52.75; H, 6 .85%. 
^12^19^2®r re(luires: 0, 52.^; H, 6.96%).
(f). Preparation of(-)-Menthyl a-Bromo-iso-butyrate. 
q-Bromo-iso-butyryl Bromide.
Bromine (9»0g. , 0.055 mole) was added dropwisEe to a mixture of
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g-bromo-iso-but.yric acid (15 g., 0.09 mole) and red phosphorus 
(0.7 g., 0.02 mole). After one hour at room temperature, 
fractional distillation of the reaction mixture gave a-bromo- 
-iso-butyryl bromide, b.p. 160°, (12.1 g* f 59%)*
(-)-Menthyl q-Bromo-iso-butyrate.
A solution of (-)-menthol (7*^ g*, 0.05 mole) and a-bromo-iso-. 
-butyryl bromide (12.1 g., 0 .0 5 mole) in chloroform (20 ml.) 
was heated under reflux for three hours. An ethereal solution t
of the reaction mixture was washed with 10% - sodium carbonate 
and dried (Na2^0^)* Fractional distillation of this solution 
gave (-)-menthyl q-bromo-iso-butyrate, b.p. S8-89°/0 .i m.m 
njp 1.if720, otp5 - 59-W° * 0 .06° (1,1) (8.93g.» 60%). (Found,:
c,  55.0'f; H, 8.09. C12H2102Br requires: C,55.07; H, 8.25).
(g). Preparation of (-)-Menthyl Acetate.
Acetyl chloride (19*9 g*, 0.25 mole) ?/as added dropwise to a 
solution of (-)-menthol (2 6 .2 g., 0.17 mole) in pyridine 
(13*3 g*» 0.17 mole), and the mixture kept at 100°for one hour.
The reaction mixture was acidified with ip% - hydrochloric..acid 
(25 ml.)., and extracted with ether (2 x.50.i 2 x 20:.ml#).* The- 
combined extracts wer.e-washed with 1% - sodium carbonat.e (2 X 50 ml*), 
then with water . (3 x*.50 ml*)., and dried Distillation
of this solution gave (-)-mehthyl acetate, b*p*105-108°/15~l6 
m.m., np5 I . H 5 0, 4 5 - 73.5° (1,1), (29.9 g., 90%).
-112-
I. (iii).(a). Preparation of g-Tetralone.
(A. Cycllsation of 4^— Phen.ylbutyric Acid).
(3-Be.nzoylproptonic Acid.
Anhydrous aluminium chloride (50 g., 0.38 mole) was added
to a solution of succinic anhydride (I7g., 0.17 mole) in dry 
benzene (100 ml.) and the mixture, after being stirred at room 
temperature until the initial reaction had subsided, was heated 
under reflux for thirty minutes. To the cooled reaction mixture 
was added water (75 ml.) and concentrated hydrochloric acid 
(25 ml.), and excess of benzene removed by steam distillation.
The cooled residue deposited crystals of crude p-benzoylpropionic 
acid which were dissolved in 15% - sodium carbonate (125 ml.).
The solution was shaken with decolorising charcoal, and carefully 
acidified with concentrated hydrochloric acid (50 ml.) giving 
p-benzoylpropinnic acid, m.p. 117.5-118° (25*5 g.» 8h%) •
A— Phenylbutyric Acid.
Amalgamated zinc was prepared by shaking zinc wool (*f8 g.) with 
mercuric chloride (^ -.8 g.), concentrated hydrochloric acid 
(2.5 ml.) and water (10 ml.) for five minuted. The solution 
was decanted, and water (30 ml.), concentrated hydrochloric acid 
(70 ml.L), toluene (thiophene free, *f0 ml.) and |3-benzoyl- 
propionic acid (20 g., 0.11 mole) added to the residual amalgamated 
zinc. The mixture was heated under reflux for thirty nine hours, 
concentrated hydrochloric acid (3 x 25 ml.) being added at ten
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hour ly intervals during this period. After cooling, the 
aqueous layer was separated, diluted with water (80 ml.) and 
extracted with ether (3 x 75* 1 x 50 ml,). The toluene 
solution and ethereal extracts were combined, washed with 
water (2 x 20 ml.) and dried (MgSO^). Concentration of the 
solution under reduced pressure gave an oil which solidified to 
a crystalline mass, m.p. 38*5-^0° (16.6 g., 90%). Distillation 
of this product gave ^f-phenylbutyric acid (b.p. 176 - l80°/l^ f m.m., 
m.p, , ^8 .5 -* ^9°.). 
q-Tetralone.
A solution of A— phenylbutyric acid (11.Og., 0.07 mole) in 
thionyl chloride (11 g.) was v\rarmed on a water bath for two hours. 
Excess of thionyl chloride mras removed by distillation under 
reduced pressure. The residual ^f-phenylbutyryl chloride was 
dissolved in carbon disulphide (60 ml.) and aluminium chloride 
(10 g., 0.08 mole) was added. The mixture was heated under 
reflux until no further hydrogen chloride was evolved. Ice 
(100 g.,) and concentrated hydrochloric acid (25 ml.) were added 
to the cooled reaction mixture and the carbon disulphide was 
removed by steam distillation.- The q-tetralone was extracted 
from the aqueous residue with bengene (3 x 20 ml.). Distil­
lation of this solution gave q-tetralone, b.p. 126 - 126.5°/10’m.m,
n ^  I .5668 (4.7 g* * ^8%).
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Preparation of g-Tetralone.
(B. Oxidation of Tetralin).
To a stirred solution of tetralin (80 g., 0.6l mole) in
ac«tie acid (430 ml.), cooled in ice water, was added a
solution of chromic anhydride (150 g., 1 .5 mole) in water
(75 ml.) and acetic acid (400 ml.) over four hours. After
keeping for one day at -5°? nnd ten days at room temperature,
the solution was diluted with water (21) and extracted with
ether (1 x 400, 5 x 200 ml.). The combined ethereal extracts
were washed with 2N-potassium carbonate (3 x 150 ml.) and
then with water (3 x 100 ml.) and dried (KoC0_,). Distillation
^ 5
0*1
of the ether from the solution, using an 18 Duf'ton column, 
and fractionation of the residue gave a liquid, b.p. 130° - 138° 
/13 m.m., from which crystals slowly separated. Filtration of 
the mixture gave 1 : 4 -  naphthoquinone, m.p. 124 - 125°• The 
a-tetralone which was piesent in the filtrate was purified by 
chromatography on alumina, using a 5% solution in light 
petroleum (b.p* 60 - 80°) followed by distillation of the
O *cL 5
solvent gave a-tetralone b.p. 131 - 132 /1 3  m.m., n ^ I.5652,
(2 2 .6 g., 2 6 %).
Preparation of (3-Tetralone.
The following- prearation was carried out in an atmosphere of 
dry nitrogen.
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Sodium (100 g., 4.3 g* - atom) was added in small portions 
to a stirred suspension of nerolin (80 g. , 0 .5 0 mole) in 
96% - ethanol .0-1) heated at 80°; towards the end of the 
addition , . 9 6 % - ethanol (1 x 150, 3 x 50 ml.) was added
to reduce the viscosity. The mixture was finally heated in an 
oil bath at 120° until evolution of hydrogen ceased.. The 
cooled reaction mixture was diluted with water (400 ml.) acidified 
with concentrated hydrochloric acid (750 ml.) and heated under 
reflux for thirty minutes. The mixture was extracted with 
benzene (7 x 100, 5 x 200 ml.) and the combined extracts were 
washed with water ( 3 x 250, 2 x 150 ml.). The benzene was 
distilled off and the residue of crude (3-tetralone was shaken 
with a solution of sodium bisulphite (200 g.) in water (350 ml.) 
and 96% - ethanol (110 ml.) for thirty minutes. The resulting 
crude addition compound was removed by filtration and purified 
by triturating with 96% - ethanol (2 x 200 ml.) and then with 
ether (200 ml.). 82.70. of {3-tetraLone bisulphite was obtained 
(68% based on nerolin).,, A suspension of the bisulphite addition 
compound (40 g., 0 .16 mole) in water (40 ml.) ivas shaken with 
25% - sodium hydroxide (40 ml.) until all the solid had reacted. 
The mixture was extracted with ether (3 x 20 ml.) and the 
combined ethereal extracts were washed with water (1 x '10 ml.)
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and dried (Na^SO^). From this solution, j3-tetralone b.p.
103°/1 .8 m.m. (1 6 .2 g., 72%) was obtained by distillation 
in an atmosphere of coal gas.
•p-Methylacetophenone.
Acet.'ic anhydride (51 g», 0.5 mole) was added dropwise to a 
stirred mixture of aluminium chloride (185 g., 1.39 mole) and 
toluene (250.ml.). After addition was complete the mixture 
was kept at 100° for thirty minutes* Ice and concentrated 
hydrochloric acid (300 ml.) were added to the cooled reaction 
mixture. The toluene layer was separated, washed with 10% - 
sodium hydroxide (100 ml.), and then with water (300 ml.) and 
dried ( MgSO^). Fractional distillation of the solution gave 
p-methylacetophenone b.p. 107 - 109°/17 m.m., n ^  1.5339*
(3 8 .6 g. 58%)..
Preparation of Hexahydrobenzaldehyde.
Cyclohexyl chloride (62.3 g.» 0.53 mole) was added dropwise 
to a cooled stirred mixture of magnesium (9*04 g., O .38 mole) 
and ether (75 ml.). When all the magnesium had reacted, 
dimethylformamide (35 g** 0.40 mole) in ether- (25 ml.) 
was added to the cooled, stirred suspension. After three hours 
at room temperature, ice-cold 3N-hydrochloric acid (100 nil.) was 
added to the reaction mixture and the aqueous layer was extracted
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with ether (4 x 25:ml,). The combined ethereal solutions 
were washed with water (5 x 25 ml.) and dried (Na2<S0^). The
solvent was distilled off and the residue of crude
hexahydrobenzaldehyde was shaken with aqueous sodium 
bisulphite. The bisulphite compound (54 g.) which separated, 
was shaken with 10% - sodium carbonate (20 ml.) and the
mixture was extracted with ether (3 x 20 ml*). The combined
ethereal extracts were washed with water (l x 10 ml.) and 
dried , From this solution hexahydrobenzaldehyde
b.p. 90°/92.5 m.m., n ^  1.4525 was obtained, (8.4 g., 19% 
based on dimethylformamide).
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II. Partial Asymmetric Synthesis of 
various p-Hydroxyacids.
II* A, Partial Asymmetric Synthesis of |3-Hydroxy-3-Phenylbutyric Acid 
(i) Using (-)-Merithyl Ester of Bromoacetic Acid.
(a) Reformatsky Reaction (Classical Method)*
A solution of (-)-menthyl 'bromoacetate (6*31 g*» 0.023 mole)
and acetopiienone (2*66 g., 0 .022 mole) in benzene (30 ml.) was
heated under reflux, in the presence of zinc wool (1 .55 g*,
0.02^ g. - atom), for four hours. The liquid was decanted from
unreacted zinc ( 0 .06 g.) which was washed with ether and then
with water. The combined liquids were mixed with ice (3 g*) and
5N~sulphuric acid (20 ml.) and the aqueous layer was extracted
with ether (3 x 25 ml.). The combined ethereal extracts and
benzene solution were washed with water (3 x 25 ml.) and dried
(Na^SO^). Removal of the solvent, finally under reduced pressure,
gave a solid residue (6 .8 g.) containing (-)-menthyl p-hydroxy-
(3-phenylbutyrate. '
Hydrolysis of Estars and isolation of P-Hydrox.y-P-Phenylbutyyic ‘ Acid.
This product (6,8g.) was hydrolysed by heating under reflux with
2 ,5N-potassium hydroxide (11 ml., 0.028 mole of KOH) and 96%
- ethanol (25 ml.) for four hours. The mixture was diluted
with water (20 ml.) and the alcohol was removed by distillation
under reduced pressure at 60°. The aqueous residue was extracted
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wit h ether (2 x 2 5, 3 x 10 rn-1 .) to remove (-)-menthol and 
other neutral compounds. The aqueous solution was acid.ified 
with 5N-sulphuric acid and extracted with ether (5 x 2 5, 2 x 10 ml.) 
The ethereal extracts were washed with water (3 x 10 ml.) and 
dried (^2*30^). Removal of the solvent gave p-hydroxy-(3- 
phenylbutyric acid, m.p. 68-70°, [a]^+ 2 .62° (£,-10.87 in- 
ethanol), (2*56 g., 6k°/o), (Found: C, 66.3 : H. 6;65%, M, 178.
Calc, for C10Hlo0 y  C, 66.7: II, 6.72$; M, 180).
A large number of experiments were performed in order to detect 
any variation of degree of asymmetric ®yTiitiesa&. with reaction 
conditions. In each of these experiments either the volumn of 
solvent, or the nature of the solvent, or the molar proportions 
of the reactants differed from those shewn in the experiment 
previously described (p.H8) or else a metal halide was added 
to the reaction mixture. These variations and the results ofi' 
representative experiments are shewn in Tables I, II & III (p.12.0-2)
In all experiments the reaction mixture was worked up, the ester 
hydrolysed, and the (3-hydroxyacid isolated by a similar procedure 
to that described in the last experiment.
(b) Partial Asymmetric Synthesis of p-Hydrox.y-p-Phenylbutyric Acid 
H2 Stage Process.”
Zinc (^.7 g., 0.072 g. - atom) was activated by heating it,
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and a crystal of iodine, at 1 m.m.' pressure with a free 
flame until a white sublimate appeared on the flask wall.
After allowing to cool under vacuum, ether (50 ml.) and then 
(-)-menthyl faromoacetate (10.2 g., 0.037 mole) were added to the 
zinc and the reaction mixture vigorously stirred. After addition 
of a few drops of ethereal methyl magnesium iodide, the 
mixture was heated under reflux for ninety minutes. The 
yellow ethereal solution was decanted from unreacted zinc into 
a dry flask; the zinc (2,5 g*» 0.038g,atom)was washed with 
dry ether and the washings added to the solution. After addition 
of acetophenone (5*0 g., 0.0-+2 mole) to this, solution it was 
heated under reflust for two hours. The reaction mixture was 
worked up and the ester hydrolysed by methods similar to those 
already described (p.HS). p-Hydroxy-f-phenylbutyric acid (2.33g. 
37%) was obtained as an oil which solidified on standing; the 
solid had m.p. 67 - 68°, + 3*01° (£ 9*8 in ethanol),
(Found: G, 66.66; H, 6,72%* Calc, for ^po^l2^3: 86.7» H, 6.72%).
The results of two stage experiments using activated zinc are 
recorded in Table b (p.l2^ f).
(c) Experiment 3 • Table fo-.
(-)-Menthyl bromoacetate (6.5 g., 0.022 mole) and then a 
little ethereal methyl magnesium iodide was added to ’’activated
PA
RT
IA
L 
AS
YM
ME
TR
IC
 
SY
NT
HE
SI
S 
OF 
[5
-H
YD
RO
XY
-
j3
-P
HE
NY
LB
UT
 
YR
IC
 
AC
ID
- I 2A-
A
!>-
1A
f\J P IACOe'­
en.
PM
O
£
•H
N
Tj0
-PCtf
>
•H
P
O
<
hO
Cl
• r l
CQ
d
Hi-Hl-M
ca
p p
A
CQdo
•H
Po
ctf0
«
o-
AA
A
zinc” (? ,7g. >0 .O^-lg.-atom) suspended in ether (25ml.) 
and the mixture was heated under reflux for twenty minutes.
After addition of acetophenone (5•Og.,0.0^2mole) to the 
reaction mixture it was heated under reflux for a further 
k-Yz hours. After working up the reaction mixture, and hydro­
lysing the product as previously described (p.ll8) [3-hydroxy- 
(3-phenylbutyric acid m.p. 68-69°, +3*35° (£»6?5^ in
ethanol) was -obtained (l.96g., 52%) (Found: C9. 66*7; H,6*73%.
Calc, for C_ JEL _0_ : C, 66.7; H,6.72$.J.U ±d 5
II.A.(ii) Using Optically Active Esters of Bromoacetic Acid 
other than the (-)-Menthyl Ester.
A number of experiments were carried out under conditions 
similar to those described earlier (p.ll8) but using the 
(-)~2-octyl, ( + )-2-octyl, ( + )-2-but.yl, (-)-bornyl and (-)-oc- 
fenchyl esters of bromoacetic acid in place of (-)-menthyl 
bromoacetate. The results of these experiments are recorded 
in Table V(p,127).
II.B. Partial Asymmetric Synthesis of [3-Hydroxy-(3-Phenylpropionic 
Acid.
A series of experiments similarto those described for the 
asymmetric synthesis of (3-hydroxy-|3-phenylbutyric acid were performed 
using benzaldehyde in place of acetophenone. The results of 
experiments using (-)-menthyl bromoacetate are shewn in TableVI 
(p.128). The results of experiments using optically active esters
-126-
of bromoacetic acid other than the (-)-menthyl ester, are 
recorded in Table VII(p.l29).
A typical experiment (No.l. Table Vl)gave p-hydroxy~j3-
phenylpropbnic acid (2.^8 g., 75%) as needlts m.p. 87 - 90°,
- 2.76° (£, 10.66 in ethanol) (Found: C, 65.2 5?* H, 6 .06%.
Calc, for CnELn0-.: C, 65.0^; I-I, 6.06%).
7 10 5
II.C. Partial Asymmetric Synthesis of some (3-Hydroxy-n-Alkanoic Acids. 
Various p-hydroxy-n-alkanoic.acids were prepared using (-)-menthyl 
bromoacetate and the appropriate aldehyde in Reformatsky 
reactions according jjothe ’Classical Method.” The conditions 
used were, in general, similar to those described for the preparation 
of (3-hydroxy~(3-phenylbutyric acid (p«ll8). Any deviations from 
this procedure, together with the results of the experiments, 
are recorded in the text.
(i) Partial Asymmetric Synthesis of (3-Hydroxyvaleric Acid.
Classical Method.
p-Hydroxyvaleric acid (1.57 g.» 58%) was obtained as an oil,
[oc]^ -0.5° (£1 3*07 on water) (Found: M, ll6„ Calc, for C^H^qO^:
Mfll8)* This product did not decolorise either-bromine in
carbon tetrachloride or bromine water. In view of the fact that
25 othe observed rotation «• 0*05 1 was . extremely small, this 
product was not investigated further.
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(ii) Partial Asymmetric Synthesis of j3-Hydroxycaproic Acid* • 
(Classical Method).
p-Hydroxyoaproic acid (1..88 g. , 71 %) was obtained as an oil,
[cc]^ 0.0 (c, 1.8 in chloroform), njp 1. Vi-23? (Founds M, 128*
Calc, for C^E^O^: M, 132)* This product did not decolorise 
either bromine in carbon tetrachloride or bromine water. Since 
no rotation was observed for this product, it was not invest­
igated further.
(iii) Partial Asymmetric Synthesis of ft-Hydroxypelargonic Acid. 
(Classical Method).
P-Hydroxypelargonic acid (2.75 g«» Sk%) was obtained as needles 
m.p. 58 - 59°, [«]f -0 .23° (£, 10.26 in chloroform), (Found: C^2*7^» 
H-lO.^a. Calc, for cgHio°2: 62.05; H, 1O.OV0. This product
did not decolorise either bromine in carbon tetrachloride or 
bromine water.
(iv) Partial Asymmetric Synthesis of P-Hydroxycapric Acid.
(Classical Method).
P-Hydroxycapric acid was obtained by hydrolysis of the (-)-menthyl 
ester using two methods. Hydrolysis of the ester (V8 g.) by the 
usual procedure gave (3-hydroxy-capric acid (1.8 g., 7$°A 
m.p. 55°, [cc]^ -0.29° (c? 9*23 in chloroform). The remaining 
portion of ester (3*23 g.) was hydrolysed with the usual proportions
-131-
of alkali by shaking for 3 hours at 25°. p-Hydroxycapric acid 
m.p. 55° i CoO^ -0 .25° (£* 9*63 in chloroform) was obtained 
(1.2 g., 75%) (Found: C, 63.90; H, 10.56%; M, 185. Calc, for 
^10^20^3* 63.785 H, 10.7%; M, 188)a This product did not
decolorise either bromine in carbon tetrachloride or bromine 
water.
II. D. Partial Asymmetric Synthesis of soi^ e other (3-Hydroxyacids. 
Various p-hydroxyacids were prepared using (-)-menthyl bromo­
acetate and the appropriate aldehyde or ketone in Reformatsky 
reactions according to the ’’Classical Method.” The conditions 
used were, in general, similar to those described for the prep­
aration of P-hydroxy-p~phenylbutyric acid (pd.l8). Any deviations 
from, this procedure, together with the results of the experiments, 
are recorded in the following text.
(i) Partial Asymmetric Synthesis of. p-Cyclohexyl-p-Hydroxy 
-propionic Acid.
A solution of (-)-menthyl bromoacetate (2 .7 6 g., 0.010 mole) and 
hexahydrobenzaldehyde (l.lA g., 0.010 mole) in benzene (10 ml.) 
was heated under reflux, in the presence of zinc wool (1.31 g*
0.020 g., - atom) for A hours. The reaction mixture was worked up, 
and the ester hydrolysed by a method similar to that already 
described ( p.ll8). ft-Cyclohexyl-P-hydroxypropionic acid m.p.
74 „ 750, [oG^p -1.21 + 0 .09° (c^ 5*70 in ethanol) was obtained
- 1 3 2 -
(1.19 S* » 69%) (Found: C, 63.15 ; H,9#13%. requires:
0,62.77; H,9.^ %).
(ii) Partial Asymmetric Synthesis of 1-Hydroxy- 1,2,3>^ ~ 
Tetrahydro - 1-naphthylacetic Acid.
A solution of (-)-menthyl bromoacetate (5*55 g.» 0.020 mole)
and a-tetralone (3«H g«, 0.021 mole) in benzene (20 mol.) was
heated under reflux, in the presence of zinc wool (2 .60 g.,
O.OA-O g., -atom) for hours. The reaction mixture was worked up
and the ester hydrolysed by methods similar to those already
described (p J.18). X-Hydroxy-1,2,3 tetrahydro-X-naphthylacetic
25acid was obtained as a dark red oil (1.50 g. , kZ%) having
- 2.6^° (£, 15.0 in ethanol). (Found: C, 55*04: H, 8.09%* C, pHL.rO.- 
rsquires: C,55*07; H, 8.25%)* **
(iii) Partial Asymmetric Synthesis of 2-Hydroxy-l,2,3,^-Tetra- 
hydro-2-Napthylacetic Acid.
A solution of (-)-menthyl bromoacetate (5*55 g»» 0.020 mole) 
and P-tetralone (3 .0 3 g., 0.021 mole) in benzene (20 ml.) was 
heated under reflux, in the presence of zinc wool (2.62 g., O.OAOg. 
-atom) for A hours. The reaction mixture was worked up, and then 
the ester hydrolysed by heating under reflux with 2.5N-potassium 
hydroxide (11 ml., 0.028 g. -mole IvOH) and 96% - ethanol (20 ml.) 
for A- hours. The alcohol was removed under reduced pressure 
at 60°’| and the aqueous alkaline residue was extracted with ether 
(5 x 5 ml.) to remove (-)-menthol and other neutral compounds.
- 1 3 3 -
The aqueous solution was acidified to pH8 and re-extracted 
with ether (5 2c 5 ml*)* The aqueous solution was acidified 
to pHl with 5N-sulphuric acid and extracted with ether'
(3 x 10, 2 x 3  ml/ )• These ethereal extracts were washed 
with water (2 x 10 ml.) and dried (Na^SO^)* Concentration 
of this solution to dryness gave 2-hydroxy-l,2,3j^“tetra- 
hydro-2-naphthylacetic acid, m.p. 79-80°, [a]^5 - 1.19°
(c, 8.03 in ethanol), (2.93 g*, 70%) (Found: C, 70.3; H, 6. 
^12^1^3 requires:: C, 69.8 ; H, 7*1$* The combined 
ethereal extracts from the aqueous solution at pH 8 were dried 
(Na^SO^). Distillation of the solvent gave a dark brown solid 
m.p. ^3-^6° which was; not investigated further.
(iv) Partial Asymmetric Synthesis of P-Hydroxy*»P«-(p-Tolyl»)- 
butyric Acid.
A solution of (-)-menthyl bromoacetat© (3*78 g., O.O^ fl mole) 
and p-methylacetophenone (1*93 g*» 0.013 mole) in benzene 
(15 ml.) was heated under reflux, in the presence of zinc wool 
(1.75 g*t 0.027 g* -atom) .for k hours. The reaction mixture 
was. worked up and the ester hydrolysed by methods similar to 
those already described (pll8). (3-Hydroxy~6~(p-tolyl-)-butyric 
acid m.p. 66-68°, CcGp? + 1.83° (£» 8.11 in ethanol) was obtained. 
(1.62 g., 62%)- (Found: C, 68.6^ f; H, 7*52$* requires:
C, 69*03; H, 7*27'/0.
-13^-
II E. Interaction of (-)-Menthyl oc-Bromo-iso-butyrate, Benzald- 
ehyde and Zinc.
A solution of (-)-menthyl a-bromo-iso-butyrate (2*57 g*»
0.008 mole) and benzaldehyde (1.16 g., 0.010 mole) in 
benzene (10 ml.) was heated under reflux, in the presence of 
zinc wool (1.0 g. , 0.015 g. -atom) for 4 hours. The reaction 
mixture was worked up and the residue after removal of the 
solvent was heated with aqueous alcoholic potassium hydroxide 
under conditions described previously (p«ll8). The neutral pro­
ducts were extracted from the aqueous solution with ether 
( 5 x 5  ml.). The aqueous solution was acidified with 5N-sul~ 
phuric acid and extracted with ether ( 5 x 5  ml.). These 
etherea3_ extracts were washed with water (2 x 10 ml.) and dried 
(Na^SO^). Concentration of this solution to dryness gave a 
small amount of resinous material m.p. 10^-14-0° (0.^ g.), which 
was not investigated further.
II F. Partial Asymmetric Synthesis of g-Iiydroxy-ft-Phenylbutyric 
Acid using Optically Active Esters of Bromoacetic Acid, 
Acetophenone, and some Qrganometallic Compounds.
Prior to carrying out the experiments using optically active
esters of bromoacetic acid and acetophenone, in each case an
analogous experiment using ethyl bromoacetate was carried out
under similar conditions. The resulting ethyl (3-hydroxy-f3-
phenylbutyrate was isolated but was not hydrolysed. A brief
account of these experiments is included.
-135-
(i ) Interaction of (-)-Menthyl Bromoacetate, Acetophenone
and di-n-Propydlcadmium.
An ethereal solution of n-propyl magnesium bromide was
prepared from n-propyl bromide (8.0 g., 0 .063 mole), magnesium
(1.^ -7 g« j O.Ool g, -atom) and ether (kO ml.). Cadmium chloride
(6.2^ g., 0 .03^ mole) was added in one batch to this solution
*
which was then heated under reflux for 136 hours, after which 
time it gave a negative Gilman test for.the presence of Grignard 
reagent. To; the grey suspension was added a solution of
(-)-menthyl bromoa.cetate (5«3 g*» 0.02 mole) and acetophenone 
(2.^ g., 0.02 mole) in benzene (18 ml.). The vigorous reaction 
'which occurred was accompanied by the immediate formation of an 
orange colour. After heating under reflux for 6 hours, ice 
(20 g.) and 3N-sulphuric acid (20 ml.) were added to the reaction 
mixture. The aqueous layer was extracted with ether (3 x 10 ml.) 
and the combined extracts washed with water ( 3 x 10 ml.) and 
dried (Ka^SO^). The crystalline residue obtained from this 
solution, after removal of the ether was heated under reflux 
with aqueous alcoholic potassium hydroxide and the (3-hydroxy- 
(3-phenylbutyric acid was isolated as described previously, (pll8). 
-The hydroxy-acid had m.p. 68°, +' 3*^2°+ 0.2° (£, 9*05 in
ethanol), (2.^3 g*» 68%) (Found: M, 176. Calc, for ^po^l2^2:
M, 180).
-136-
(ii) Interaction of-Ethyl Bromoacetate, Acetophenone and 
di-n-Propyloadmium.
The interaction of ethyl bromoacetate (3*3^ g»» 0.02 mole), 
acetophenone (2.4- g., 0.02 mole) and di-n-propylcadmium, 
followed by decomposition of the reaction mixture was carried 
out as described on previous page. Distillation of the product 
gave ethyl ( + )~(3-hydroxy~p-phenylbutyrate, b.p. 93°/l»0 m.m. 
n^5 1.3005 (2.5 g., 60%).
(iai) Interaction of (-)~2-0ctyl Bromoacetate, Acetophenone and 
di-n-Propylcadmium.
By a procedure similar to that described (II.F.i) but using
(-)-2-octyl bromoacetate (2 .5 1 g*» 0.01 mole) instead of
(-)-menthyl bromoacetate, p-hydroxy~(3~phenylbutyric acid was
obtained (1.01 g., 58%). The hydroxyacid had [a]^ 0.0°
(£,' 9*16 in ethanol).
(iv) Interaction of Ethyl Bromoacetate, Acetphenone and di- 
n-Propylzinc.
The interaction of ethyl bromoacetate (3»5 g** 0.021 mole), 
acetophenone (2.k g., 0.02 mole) and di-n-propylzinc, followed 
by decomposition of the reaction mixture was carried out as 
described in a previous experiment, (XIC i , p.l35)» Distillation 
of the product gave ethyl (+)-p-hydroxy-p-phenylbutyrate, 
b.p. 93-95°/0-.8 m.m. n^5 1.5000(2.3 g., 61%).
-137-
(v) Interaction of (-)-Menthyl Bromoacetate, Acetophenone and 
cj.i-n-Propylzinc.
A solution of di-n-propylzinc in ether was prepared by a 
method similar to that described for the preparation of di-n- 
propylcadmium but using zinc bromide (3*95 g*» 0.018 mole) in 
place of cadmium chloride (6*2^ f g., 0.03^ mole). To this 
solution was added, a solution of (-)-menthyl bromoacetate 
(5*5 g** 0.02 mole) and acetophenone (2.5 g* » 0.02 mole) 
in benzene (18 ml.) and the reaction mixture, after heating 
under reflux for 6 hours,-was worked,, up by methods similar "to 
those described when di-n- propyl cadmium was used (p<!35)*
The p-hydroxy-p-phenylbutyric acid (2.37 g., 66%) thus 
obtained had m.p. 70°, Coc]^ + 2.95° + 0.25° (c, 7*60 in 
ethanol) (Found: M, 177* Calc, for (-'po^ '12^ 3 1 *
(vi) Interaction of (+)-2~Butyl Bromoacetate, Acetphenone and 
di-n-Propylzinc.
By a procedure similar to that just describead, but using 
(+)-2-butyl bromoacetate (1.95 g* 0.01 mole) instead of (-)- 
menthyl bromoacetate, p-hydroxy-p-phenylbutyric acid was 
obtained (1*20 g. , 77%)* The hydroxyacid had [a]^ + 0.64°
(c, 11.99 in ethanol,).
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(vii) Interaction of (-)-Menthyl Bromoacetate, Benzalde- 
hyde ana di-n-propylzinc«
A solution of di-n-propylzinc in ether (20 ml.) was prepared 
by a method similar to that described previously using zinc 
bromide (1.97 g«> 0.01 mole). To this solution was added 
a solution of (-)-menthyl bromoacetate (2.8 g. 0.01 mole) 
and benzaldehyde (2.0 g*, 0.02 mole) in benzene ( 10 ml.) 
and the reaction mixture, after boiling under reflux for 6 
hours, was worked up by methods similar to those described 
previously (p.l3f). The p-hydroxy-0-phenylpropionic acid (0.9 g*i 
5k%) thus obtained had m.p. 90-91°* Cot]^ -5 *65° (c, 5*17 in 
ethanol) (Found: M, 16^; Calc, for : 166).
(viii) Interaction of Ethyl Bromoacetate, Acetophenone and 
Magnesium Iodide.
The interaction of ethyl bromoacetate (3*3 g», 0.02 mole), 
acetophenone (3*6 g*» 0 .03 mole) and magnesium iodide (8.35 g* 
0.03 mole), followed by decomposition of the reaction mixture 
was carried out as described below.t Distillation of the product 
gave ethyl (+)-P-hydroxy-0-phenylbutyrate, b.p. 97-98°/1 .2 m.m. 
n^5 1.5030 (1.76 g., k3%).
(ix) Interaction of (-)-Menthyl Bromoacetate, Acetophenone and 
Magnesium Iodide.
Anhydrous magnesium iodide (8.35 g*» 0.03 mole) in ethereal
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solution, was prepared by adding iodine (7*62 g*» 0.030 mole)
to a stirred suspension of magnesium (2.4 g., 0.10 g. -atom) 
in ether (40 ml.). To the stirred solution was added acetophen­
one (3*6 g., 0 .0 3 mole) followed by (-)-menthyl bromoacetate 
(2*9 g., 0.Oil mole) in benzene (10 ml.). After 4 hours 
heating under reflux, ice (10 g.) and 5N-sulphuric acid (10 ml.) 
was added to the cooled solution. The aqueous layer was 
extracted with ether ( 3 x 5  ml.), and the combined extracts 
washed with water (3 x 10 ml.) and dried (Na^SO^). From this 
solution, the crystalline mixture containing the (3-hydroxyester 
was isolated and hydrolysed in the usual way as described on 
page 118 • Crude (3-hydroxy-(3-phenylbutyric acid m.p. 60-*64°,
+2 .78° (£, 6.77 in ethanol) was obtained, (1.2 g,, 6 3 %) (Found ;
M, 175-Calc, for 0-^H-^Oy M, l80).
(x) Treatment of Ethyl Bromoacetate& Acetophenone with -di-n- 
Propylmercury.
An ethereal solution of n-propyl magnesium bromide was prepared 
from magnesium (1.47 g., 0 ,0 6 g. -atom), n-propyl bromide 
(8.2 g., 0i07 mole) and ether (40 ml.). To the stirred, dark 
solution was added mercuric bromide (12.5 g., 0 .035)» a vigorous 
reaction ensued and a dark solid separated. After 30 minutes, 
when the mixture gave a negative Gilman reaction, ethyl bromoace­
tate (3.33 g., 0.020 mole) and then acetophenone (2.4 g., 0.021 mole)
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in benzene (20 ml.) were added and the reaction mixture was 
heated under.reflux for 6 hours. Ice and 5N-eulphuric acid 
(20 ml.) were added and the aqueous solution extracted with 
ether (3 x 5 ml.); the combined ethereal solutions were 
washed and dried (Na^SO^)* Concentration of the solution gave- 
a solid (3.0 g.) m.p. 135«5-137*5° and some oil.
Recrystallisation of the solid from benzene gave n-propyl- 
mercury bromide as needles m.p. 137*5-138°, (1.86 g.) (Found:
C, 11.72; H, 2.19%. Calc, for C ^ H g B r :  C, 11.15; H, 2*17%) • 
Fractionation of the oil gave ethyl bromoacetate, b.p. 40-50°/
15 m.m. (2.5 g. ) and acetophenone, b.p. 85~95°/l5 m.m. (2 g.)
(xi) Interaction of iso-Propyl Magnesium Bromide with (-)- 
Menthyl Acetate and Acetophenone.
iso-Propyl bromide (5g* 0.04 mole) was added dropwise to a 
stirred suspension of magnesium (0.60 g., 0 .025 g* -atom) in 
ether (15 ml.) and the mixture heated under reflux for one hour. 
The solution was cooled to -25° and (-)-menthyl acetate (4.9g*» 
0*025 mole) added dropwise over 15 minutes. After 15 minutes 
at -25°, acetophenone (3*1 g*» 0.026 mole) was added dropwise, and 
the mixture stirred for a further 15 minutes at -25° and three 
hours at room temperature. Ice (5 g*) and 5^**sulphuric acid 
•(20 uni.) were added; the aqueous solution was extracted with 
ether (3 x 20 ml.), the extracts washed with sodium chloride
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solution and dried (Na^iO^). The residual oil (7*9 )
obtained from this solution on removal of the ether was heated 
with aqueous alcoholic potassium hydroxide, and the reaction 
mixture was finally acidified and extracted with ether as described 
on page 118 • Only a small amount of oil, which smelt strongly 
of acetic acid was obtained on concentration of the ethereal 
solution; no p-hydroxy-p-phenylbutyric acid could be isolated 
and the experiment was not further pursued.
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III. The Hydrolysis and Reduction of the diastereoisomeric (-) 
Menthyl Esters of g-Hydroxy-g-Phenylpropionic and 
g-Hydroxy-g-Phenylbutyric Acids.
(i) Attempted Esterification of (-)-g-Hydroxy-g-Phenylbutyric Acid.
Zeocarb 225-H was washed with water and air dried. (-)-Menthol
(1,74 g 05 0.011 mole) and (-)-g-hydroxy-g-phenylbutyric acid 
(2.0 go, 0.011 mole) was added to a suspension of the catalyst 
(0.5 go)  in benzene (10 ml.), and the mixture heated under reflux 
for 8 hours. The catalyst, which had become maroon in colour, was 
removed by filtration and washed with ether. The combined benzene 
and ether solutions were extracted with saturated sodium bicarbonate 
solution (50 ml.) and then concentrated to dryness. Steam distilla­
tion of the residue gave (-)- menthol m.p. 43-44°* Tbe aqueous 
alkaline extract was acidified with 5$ - sulphuric aoid and extracted 
with ether (2 x 20 ml.). The ethereal extract.was dried (HagSO^) 
and concentrated by dryness. Recrystallisation of. the solid residue 
from light petroleum (b,.p. 40-60°), gave (3-methylcinnamic acid as 
needles, m.p.97° (Founds, 73.96? H, 6,35$« Calc, for 
C, 74.0$ H, 6.21$).
(ii) Separation of a mixture of the diastereoisomeric (-)- Menthyl 
3-hydroxy-g-phenylbutyrate s.
A Reformatsky reaction was carried out using (-)- menthyl bromo­
acetate (13.5 g * 9 O.O49 mole), acetophenone (6.0 g., 0.050 mole) 
and zinc (6.34 g*? 0.097 g.-atom) according to the conditions 
described on p. 118 . A mixture of the 2 diastereoisomeric esters 
(15.7 g*) was obtained as a yellow oil which deposited crystals
-3A3-
on standing. The solid, after washing with light petroleum
25
(b.p,40-60°) (10 ml.), had m.p. 74-5-76% [cx^ - 38,3° (0,2.04 in 
"benzene). After 3 recrystallations from light petroleum (b.p. 40-60°), 
(-) - menthyl (+)- 3-hydroxy-3-phenylbutyrate (5*22 g.) was obtained 
as needles, m.p. 80-80.5% [ajj^  -31.3° (c,2,02 in benzene) (Founds 
C, 75.83s H, 9.48$. C20H30°3 re<luire3S c?75*43s H,9*5$).
The oil from which the solid had been removed, crystallised on
25
keeping. The solid which had m.p. 46-51% [alp -60.77° (£? 2-01
in benzene) was extremely soluble in the more common solvents, but
was recrystallised three times from aqueous alcohols however, no
apparent purification of the (-)(-) diastereoisomeride was effected.
Two further recrystallisations from a small volume of light petroleum
(b.p,40-60°) gave optically impure (as indicated by hydrolysis) (-)-
25
menthyl (-)-3-hydroxy-3-phenylbutyrate m.p, 60.6-61°, [a] ^  - 69.0°
(oi,2.00 in benzene)(Founds 0,75-579 H,9-l6$. C^qH^qO^ requires?
c, 75-43? H,9-5$) ■
(iii) Hydrolysis of mixtures of the diastereoisomeric (-)-Menthyl 
3-Hydr oxy-3-Phenylbutyrate s.
25
(-)-Menthyl (+)-p-hydroxy-3-phenylbutyrate ( [3 ^ - 31.3°, 2.0 g.,
0,0006 mole) was heated under reflux with 2.5H- potassium hydroxide 
(3-1 ml., 0,008 g.-mole KOH) and 96^ - ethanol (7*1 ml.) for 4 hours, 
and the (+)-p-hydroxy-p-phenylbutyric acid m.p. 82-83°, [a] +
8,92° (js, 1.76 in ethanol) (l.l g., JOfo) was isolated as described 
previously (p. 118) (Founds C,66.75l H,6.65$. Calc, for ^o"®12^3 8 
C, 66,7s H,6.72$>).
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The neutral products obtained during the hydrolysis were shaken 
with 2 § 4-dinitrophenylhydrazine sulphate in methanol. A small 
amount of acetophenone 2 s 4-dinitrophenylhydrazone was obtained 
which after recrystallisation from ethyl acetate had m.p. 250°
(Pounds C, 54.79? H, 4.00; U, 18.14$. Calc, for C^H. g O ^ s
C, 55-99? H, 4.00? H, 18.66$).
In a similar manner, various mixtures of the diastereoisomeric 
(-)-menthyl p-hydroxy~p-phenylbutyrat es were hydrolysed. The yields 
of p-hydroxyacid obtained were consistent at about 9 The 
specific rotations of the acids varied linearly with the specific 
rotation of the mixture of (-)-menthyl p-hydroxy-p-phenylbutyrates 
from which they ?/ere derived. (See section III, p#4-0.).
In all cases, a small amount of acetophenone identified as its 
2 % 4-dinitrophenyl-hydrazone, was obtained from the neutral fraction 
following hydrolysis.
(iv) Interaction of (-)-Menthyl (+)-g~Hydroxy-B-Phenylbutyrate and 
Methyl Magnesium Bromide.
Dry methyl bromide was passed through a vigorously stirred suspension
of magnesium (0,03 g°j 0,0013 g. -atom) in ether (10 ml.) until all
the magnesium had reacted. After 45 minutes, (-)-menthyl (+)~p-
25
hydroxy-p-phenylbutyrate ( M ^  - 31-3°, 0.4 g°, 0.0013 mole) in
ether (5 ml.) was added and the mixture boiled under reflux for 
four hours, (in other experiments, the solution was heated for eight 
hours and twelve hours). The cooled solution was stirred with ice 
(l g.) and 5^-sulphuric acid (5 ml.)| the aqueous layer was extracted
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with ether (3 x 5 ml.), and the combined ethereal solutions washed 
with water (2 x 5 ml*) and dried (NagSO^). From this solution,
(-) - menthyl (+)-p-hydroxy-p-phenylbutyrate (0,4 g®) having 
m.p. 80-81°, - 30.8° ± 0.5° was recovered.
(v) Preparation of a mixture of the 2~diastere&gQm3rio (-) - Menthyl 
3-Hydroxy-3-Phenylpropionate s.
(a) Ethyl Benzo.ylacetate
To a solution of sodium ethoxide, prepared from sodium 
(25 g«, 1.08 g. -atom) in absolute ethanol (300 ml.), was added 
ethyl acetoacetate (150 g., 1.05 mole) with ice cooling. After 
keeping overnight at room temperature, the mixture was concentrated 
to dryness under reduced pressure at 30°. To the white solid was 
added ethyl benzoate (300 g., 1.9 mole) and the mixture was heated 
at 1500 for four hours, ethyl acetate distilling off. The cooled 
reaction mixture was poured on to ice (350 g«) an(i sulphuric acid 
(70 ml.) and the aqueous layer was extracted with ether (2 x 50 ml.). 
The combined ethereal extracts and organic layer ?/ere washed with 
water (2 x 20 ml.), dried (KgCO^) afod concentrated to dryness. 
Fractional distillation of the residue gave ethyl benzoylacetate b.p. 
121-124°/0.7 m.m. (68.7 g., 36$). A non-volatile residue was ob­
tained from the distillations? this residue on recrystallisation 
from ethanol gave dehydrobenzoylacetic acid (5 g.) as pale yellow 
needles, m.p. 171-172°.
(b) j t k  Menthyl Benzoyl acetate
' A mixture of ethyl benzoylacetate (67.5 g* j 0.35 mole) and
-lA6-
(-)- menthol (6205 g*, 0.40 mole) was heated at 160° for six hours, 
ethyl alcrohol being allowed to distil over as it was formed, 
factional distillation of the residual oil gave (-)- menthyl 
benzoylacetate b,p. l68-l69°/0 .4 m.m, (slight decomposition)
(60 go , 56f°)° After one crystallisation from light petroleum 
(b,p,40 - 60°) at -80°, (-)- menthyl benzoylacetate was obtained 
as needles m,p. 43-43.5°? " 52.4° (initially), M j p  "" 56° 5°
(c, 10.00 in ethanol) (equilibrium value after six hours). The 
semicarbazone separated from ethanol as leaflets m,p. 167° (Founds 
0,66.49 H,8.2? IT, 12.0%  Calc, for C ^ H ^ O ^  5 0,66.4$ H, 8.2?
IT,11.7$). The 2 % 4-dinitrophenylhydrazone crystallised from 
acetone - ethanol as orange needles, m.p. 177-178° (Founds 0,62.2?
H, 6.3? IT,11,6^, ^25^30^6^4 re(luiress 0,62.2? H, 6.3? IT,11.6$), 
Recrystallisation of the non-volatile residue obtained from the 
distillation of (-)- menthyl benzoylacetate gave dehydrobenzoylacetic 
acid m.p. 171«5 - 172.5° (10 £•)» Treatment of this compound with 
50% - sulphuric acid (24-ml.) at l60° for one minute and then pour­
ing on to ice gave 6-phenylpyranone, m.p. 247-248° (dec,), (l.l g., 
82$). (Founds 0,70.0? H, 4.4$. Calc, for 0,70.2? H,4«3$).
(c) Catalytic Hydrogenation of (-)- Menthyl Benzoylacetate.
A solution of (-)- menthyl benzoylacetate (7°28 g., 0.024 mole) 
in absolute ethanol containing W4-Raney nickel (0,3 g,) was shaken 
in an atmosphere of hydrogen at atmospheric pressure and room 
temperature, until absorption of gas was complete (90 mins.? 621 cc 
at 20° and 7&0 m.m. Calc., 580 cc). The reaction mixture was
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filtered and concentrated to dryness? the residual mixture of 
the diastereoisomeric(-)- menthyl 3-hydroxy-(3~phenylpropionates 
(7.35 100$) had m.p. 31.5-34°? Dx]Jp - 56.12° (c., 1.50 in
ethanol),
(vi) Separation of the diastereoisomeric mixture of (-)- Menthyl
" " /
3-Hydroxy-3-Phenylpropi onat e s.
Four recrystallisations of the mixture (ll.9 g*) from small
volumes of light petroleum (b.p. 40-60°) gave (-)-menthyl
(-■ )-g-bydroxy-3~phenylpropionate (O.89 g.) as needles m.p. 60.5 -
61.5%  “• 58.31° (cij 1.49 in ethanol). (Founds C, 74*97$
H,9* 13/o. ^1^ 28^3 reclu^res C?74*95$ K, 9*27^). The solid
obtained from the first mother liquor was recrystallised three
times from light petroleum (b.p. 40-60°) at -20°, the product
then had m.p. 31-32°, M  ^  - 55.7° (c, 1.50 in ethanol).
(-)- 3-Hydroxy-3-Phenylpropionic Acid,
Hydrolysis of the (-)- menthyl ester (0.8 g.) in the
25manner described on p.llB gave the acid, m.p. 115°, Ca3p “
17*6° (c, 4*02 in ethanol), (0 .4 g*? 83$). Recrystallisation 
from water gave (-)-3-hydroxy-3-phenylpropionic, acid m.p.116°,
- 18.4° (c,? I.96 in ethanol). (Founds 0,65.18? H, 6.23$. 
Calc, for C^H^Cy 0,65.04? H, 6.06$).
(vii) Preparation of (i)-3-Phenylbutan -l93-diol.
(a) Ethyl (d:)-3-Hydroxy-3-Phenylbutyrate.
Interaction of ethyl bromoacetate (14*7 g*? 0.088 mole.), 
acetophenane (10.5 g. 9 0.088 mole) and zinc (10.0 g., 0.15 g.-atom)
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in a Reformatsky reaction under the conditions described earlier 
(p. 118) gave ethyl (±)-3-hydroxy-|3-phenylbutyrate b.p. 98-100°/
1.2 m.m., n.jp 1.5027 (12.5 g., 69$). A specimen of ethyl 
3-hydroxy-(3-phenylbutyrate having the same physical constants 
was hydrolysed, in the manner already described (p.118), to (±)~ 
3-hydroxy-(3-phenylbutyric acid, m.p. 71-72°. The S-benzylthio- 
uronium salt crystallised from aqueous alcohol m.p. 85-86° (Founds 
C,59.68? H,6.71? H,8.00? S,9.27$* C ^ H ^ O ^ S  requires? 0,62.4?
H56.4? 1 ,8.09? s,9,25$).
0>) (±)-3 -Phenylbutan -1,3-diol.
Ethyl 3-hydroxy-3~phenylbutyrate (l3«2 g., O.O63 mole) in 
ether (50 ml.) was added dropwise to a stirred suspension of lithium 
aluminium hydride (5*82 g., 0.153 mole) in ether (75 ml.) and the 
reaction mixture kept at room temperature for two days. Water (10 ml.) 
and then 5^- sulphuric acid (75 ml.) was added dropwise to the reaction 
mixture with ice-cooling. The aqueous layer was extracted with ether 
(3 x 25 ml.) and the combined ethereal solutions washed with Yrater 
(3 x 15 ml.) and dried (la^SO^). Distillation of this solution gave 
(±)-3-phenylbutan -1, 3-diol b.p. 119.5°/0«75 m.m., 1.5355
(5.47 go 9 53$). On seeding with the (-)-isomer, obtained from a 
similar experiment using (-)- menthyl (+)~3-hydroxy-(3-phenylbutyrate 
instead of ethyl (±)-p-hydroxy~p-phenylbutyrate (see next experiment), 
the product crystallised slowly to give a product m.p. 45-46°. A 
mixture of (±)-3-phenylbutan-1,3-diol (0 ,4 g., 0'.003 mole) and p- 
nitrobenzoyl chloride (0.9 g*? 0,005 mole) in pyridine (3 ml.) and
benzene (15 ml.) was kept at 60° for 30 minutes. The mixture was 
then poured into water. The benzene solution was extracted with 
5$- sodium carbonate and then with 2H~hydrochloric acid (2 x 10 ml.). 
Distillation of the solvent and recrystallisation of the residue 
from aqueous methanol gave (±)-l-(p-ni trobenzoyl)-3-phenylbut an 
-1, 3-diol,m.p, 91,5-920 (Founds 0,64-99? H,5*54? R?4»56$»
C17^17°5^  req-uiresg c?64.75? H,5o56| 1 ,4.44$).
(viii) Preparation of (-)-3-PhenyIbutan -1 <? 3-diol.
\  f OT—It— r f Hn— w —r— — II— —“rn— —•— <r. i V I n ■ i i iim ■ a .-a—1M ^
(-)-Menthyl (+)-3-hydroxy-3-phenylbutyrate (2.00 g., 0.006 
mole) in ether (50 ml.) was added dropwise to a stirred suspension 
of lithium aluminium hydride (0,49 g«? 0.013 mole) in boiling 
ether (75 ml.). When addition was complete, the mixture was heated 
under reflux for 3 hours, and 2H- sulphuric acid (75 ml.) was then
f
added to the ice-cooled solution. The aqueous layer was extracted 
with ether (3 x 5 ml.) and the combined ether extracts were washed 
with water (2 x 10 ml.), and dried (MgSO^). (-)- Menthol was re­
moved from the residue, obtained by distillation of the ether, by 
subjecting it to vacuum sublimation at 50-70°/0.2 m.m. Fractional 
crystallisation of the'residue (1.25 g.) from Is1-benzene-light 
petroleum (b.p. 100-120°) gave (-)-3-phenylbutan -1,3-diol, m.p. 
62.5°, [cQ jp -56.82°(ic, 1.61 in benzene) Founds 0,71.88? H,8.54$.
1^0% 4^2 reciu^resg C,72.26? H,8.49$)° The mother liquors from the
recrystallisation of the diol were concentrated to dryness. Re- 
crystallisation of the residue from aqueous methanol gave unchanged 
(-)- menthyl (+)-3-hydroxy-|3-phenylbutyrate m.p. 80-80.5° (0.1 g.).
-150-
(IV) Attempts to determine the Absolute Configuration of
nylbutyric Acid.
(i) Preparation of (^)- Atrolactic Acid
Sodium cyanide (82 g., 1.67 mole) was added to a stirred 
mixture of acetophenone (80 g., 0.67 mole), ether (60 ml.) and , 
water (100 ml.) cooled to -10°. After one hour at room tempera­
ture, hydrochloric acid (140 ml., 1.7 mole) was added dropwise 
to the cooled reaction mixture, which was stirred for a further 
two hours. The aqueous layer was extracted with ether (4 x $0 ml.), 
and the combined extracts were concentrated to dryness under reduced 
pressure. The residue was saturated with dry hydrogen chloride, 
excess of which was removed by a stream of air drawn through the 
mixture. 60$ - Sodium hydroxide (150 ml.) was added to the 
reaction mixture which was then steam distilled to remove aceto­
phenone. The aqueous alkaline solution after steam distillation 
was acidified with concentrated hydrochloric acid (200 ml.).
The precipitated hydrated atrolactic acid (30 g., 66$ based on
acetophenone not recovered) was recrystallised from benzene,
and the anhydrous acid m.p.93-94° obtained by drying at 55°/0»2 m.m.
The carboethoxy derivative was prepared by the dropwise 
addition of ethyl chloroformate (2.4 g*? 0,02 mole) to a solution 
of atrolactic acid (3-0 g., 0.019 mole) in pyridine (1.8 g., 0,02 
mole) and chloroform (30 ml.) at -15°. After three hours at room 
temperature the reaction mixture was washed v/ith 2H-hydrochloric 
acid (2 x 10 ml.) and extracted with saturated-potassium bicarbonate
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(3 x 10 ml.)* Acidification of this solution gave carbo- 
ethoxvatrolactic acid which separated from benzene - light 
petroleum (b.p.40-60°) as needles m.p.107.5-1080 (dec.)
(2.97 g., 69$)(Founds C,59*77$ H,5.91$. C^H^O^ requires
0, 60.4$ H,5*9$)..
(ni) Methyl (±)-Atrolactate
(-)- Atrolactic acid (5 g») was mixed with an ethereal 
solution of diazomethane. When no further reaction was taking 
place, the reaction mixture was distilled giving methyl (1 )- 
atrolactate b.p.l25-126°/l5 m.m., 1*5172, (4*87 g*?98$).
(iii) Methyl (±)-2-Methc>xy~2-Phenylpropionate
A stirred mixture of methyl atrolactate (4*87 g«, 0.027 
mole), methyl iodide (19 g., 0.135 mole) and freshly prepared silver 
oxide (13.5 g*t O.O56 mole) in benzene (25 ml.) was heated under 
reflux for three hours. After filtration, distillation of the 
reaction mixture gave methyl (i)-2-methoxy~2-phenylpropionate
b.p, 8l°/0.9 m.m., a1^ 1.5070 (4.63 g., 8$).
(iv) (±) -2-Methoxy-2-Phenylpropan-1-ol
Methyl (l)-2-methoxy-2-phenylpropionate (4.63 g., 0,024 mole) 
in ether (5 ml.) was added dropwise to a suspension of lithium 
aluminium hydride (0,69 g°, 0.018 mole) in ether (30 ml.). After 
heating under reflux for 2jg- hours, the mixture was cooled in ice 
and 2N-sulphuric acid (20 ml.) added. The aqueous layer was ex­
tracted with ether (3 x 10 ml.) and the extracts were washed with ' 
water (2 x 10 ml.) and dried (iTa^ SO^ ), Distillation of this
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solution gave 2-methoxy-2-phenylpropah -l-ol b.p. 85°/l«4 m.m., 
n34,3 1.5265 (3.61 g., 90f).
(v) Attempted preparation of l-Chloro-2-Methoxy-2-Phenylpropane 
A solution of 2-methoxy-2-phenylpropan -l-ol (3.61 g.,
0.022 mole) in thionyl chloride (11.9 g*9 0.1 mole) was heated 
under reflux for three hours. Excess thionyl chloride was 
distilled under reduced pressure, leaving a black oil which 
decomposed on heating. This material was not investigated 
further.
